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(57) Abstract 

The present invention relates to compounds of formula (Dt Q is selected from the group consisting of (11), G is selected from die 
group consisting of alkyl, substituted alkyl. substituted or or unsubstituted aiyl, heterocyclo, (III), W is O or NRts; X is O or HJI; Y is 
selected from the group consisting of 0; H.OR16; OR17.OR17; NORis; HJ^0Ri9; H,NR2oR2i; H,H; or CHR22; OR17OR17 can be a cyclic 
ketal; Z\ and Z2 are selected fnm die group consisting of CH2, 0, NR23, S or SOi, wherein only one of Z and Z2 is a heteroatom; Bi and B2 
arc selected from the group consisting of OR24, or OCOR25, or 2CNR26R27; when Bi is H and Y is OH, H tfiey can form a six-membeied 
ring ketal or acetal; D is selected from the group consisting of NR28R29> NRaoCORai or saturated heterpcycle R], R2. R3* R4t Rs. R6> R?. 
Ri3, Ri4, R18, R19. R20, R21, R22, R26 and R27 are selected from die group H, alkyl, substituted alkyl, or aryl and when Ri and arc 
alkyl can be joined to fomi a cycloalkyl; R3 and R4 arc alkyl can be joined to forai a cycloalkyl; R9, Rio, R16, Ri7> R24* R2S. and Rat 
are selected from die group H. alkyl. or substituted dkyl; Rs. Ru. R12, R281 Rao* R32» R33f and R30 arc selected from the group consisdng 
of H, alkyl, substituted alkyl. aryl, substituted aiyl, cycloall^l, or heterocyclo; R15, R23 and R29 arc selected from the group consisting of 
H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocyclo, R32C-O, R33SO2. hydroxy, O-alkyl or 0-substituted alkyl. die 
pharmaceutically acceptable salts thereof and any hydrates, solvates or geometric, optical and stereoisomers thereof, widi the proviso that 
compounds whercin: W and X are bodi O; and Ri, R2. R? arc H; and R3, R4, R6, arc methyl; and Rg, is H or methyl; and Zj, and Z2, arc 
CH2; and G is l-inethyl-2-(substituted-4-diiazolyl)edienyl; and Q is as defined above arc excluded. 
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F.POTHTT.ONE DERIVATIVES 
TfiaM nf the Invention 

5 

The present invention relates to epothilone derivatives, methods 
for the preparation of the derivatives and intermediates therefor. 



BflckgrouiiH nf the Invention 

10 

Epothilones are macrolide compounds which find utility in the 
pharmaceutical field. For example, Epothilones A and B having the 
structures: 




15 I Epothilone A R = H 

II Epothilone B R = Me 



have been found to exert microtubule-stabiUzing effects similar to 
TAXOL and hence cytotoxic activity against rapidly proliferating cells, 
20 such as, tumor ceUs or other hyperproliferative cellular disease, see 
Angew. Chem. Int. Ed. Engl., 1996, 35, No. 13/14. 
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10 



15 



ff^^mTnarv of the Invention . 
The present invention relates to compounds of the formtila 




Q is selected from the group consisting of 

?>^. A A "f^. 

I _ _ A^. .mLw> 



G is selected from the group consisting of alkyl, substituted alkyl, 
substituted or unsubstituted aryl, heterocyclo, 

F?i2 fia Ri2 O 



Rl4 



W is O or NR15; 
XisOor H, H; 

Y is selected from the group consisting of O; H, ORie; OR17, OR17; 
20 NORis; H, NOR19; H, NR20R21; H, H; or CHR22; OR17 OR17 can be a 
cyclic ketal; 

Zi, and Z2 are selected from the group consisting of CH2, O, NR231 
S, or SO2, wherein only one of Zj and Z2 can be a heteroatom; 
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Bi and B2 are selected from the group consisting of OR24» or 
OCOR25, or O2CNR26R27; when Bi is H and Y is OH, H they can form a 
six-membered ring ketal or acetal; 

D is selected from the group consisting of NR28R29» NR30COR31 

5 or saturated heterocycle; 

Ri, R2» R3. R4. R5. Re. R7, Ri3. Ri4. R18. Ri9. R20. R21. R22. R26. 

and R27 are selected from the group H, alkyl, substituted alkyl, or aryl 
and when Ri and R2 are alkyl can be joined to form a cycloalkyl; R3 and 
R4 are alkyl can be joined to form a cycloalkyl; 
10 R9, Rio, Rl6,Rl7.R24.R25. and R31 are selected from the group 

H, alkyl, or substituted alkyl; 

RS. Rll. Rl2» R28. R30. R32. R33» and R30 are selected from the 
group consisting of H, alkyl, substituted alkyl, aryl, substituted aryl, 
cycloalkyl, or heterocyclo; 
15 Rl5, R23 and R29 are selected fit)m the group consisting of H, 

alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocydo, 
R32C=0, R33SO2, hydro^qr, 0-alkyl or 0-substituted alkyl; 
and any salts, solvates or hydrates thereof. 

20 Proviso 

The present invention does not include compounds of formula V 

wherein 

W and X are both O; and 
Rl, R2» R7. are H; and 
25 R3, R4, R6» are methyl; and 

Rs, is H or methyl; and 
Zi, and Z% are CH2; and 
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G is l-methyl-2-(substitut d-4-thiazolyl)ethenyl; 
Q is as defined above. 

Detailed Description of the Invention 

5 

Listed below are definitions of various terms used to describe this 
invention. These definitions apply to the terms as they are used 
throughout this specification, unless otherwise limited in specific 
instances, either individually or as part of a larger group. 

10 The term "alkyF refers to straight or branched chain 

unsubstituted hydrocarbon groups of 1 to 20 carbon atoms, preferably 1 to 
7 carbon atoms. The expression "lower alkyr refers to imsubstituted 
alkyl groups of 1 to 4 carbon atoms. 

The term "substituted alkyl" refers to an alkyl group substituted 

15 by, for example, one to four substituents, such as, halo, trifluoromethyl, 
trifluoromethoxy, hydroxy, alkoxy, cycloalkyoxy, heterocylooxy, oxo, 
alkanoyl, aryloxy, alkanoyloxy, amino, alkylamino, arylamino, 
aralkylamino, cycloalkylamino, heterocycloamino, disubstituted amines 
in which the 2 amino substituents are selected firom alkyl, aryl or 

20 aralkyl, alkanoylamino, aroylamino, aralkanoylamino, substituted 
alkanoylamino, substituted arylamino, substituted aralkanoylamino, 
thiol, alkylthio, arylthio, aralkylthio, cycloalkylthio, heterocyclothio, 
alkylthiono, arylthiono, aralkylthiono, alkylsulfonyl, arylsulfonyl, 
aralkylsulfonyl, sulfonamido (e.g. SO2NH2), substituted stilfonamido, 

25 nitro, cyano, carboxy, carbamyl (e.g. CONH2), substituted carbamyl (e.g. 
CONH alkyl, CONH aryl, CONH aralkyl or cases where there are two 
substituents on the nitrogen selected from alkyl, aryl or aralkyl), 
alkoxycarbonyl, aryl, substituted aryl, guanidino and heterocyclos, such 
as, indolyl, imidazolyl, furyl, thienyl, thiazolyl, pyrrolidyl, pyridyl, 

30 pyrimidyl and the Uke. Where noted above where the substituent is 

further substituted it will be with halogen, alkyl, alko^qr, aryl or aralkyl. 



-4- 



wo 99/02514 



PCT/US98/12550 



The term *Tialogen" or "halo" refers to fluorine, chlorine, bromine 
and iodine. 

The term "aryl" refers to monocyclic or bicyclic aromatic 
hydrocarbon groups having 6 to 12 carbon atoms in the ring portion, 

5 such as phenyl, naphthyl, biphenyl and diphenyl groups, each of which 
may be substituted. 

The term "aralkyF refers to an aryl group bonded directly through 
an alkyl group, such as benzyl. 

The term "substituted aryF refers to an aryl group substituted by, 

10 for example, one to four substituents such as al^l; substituted alkyl, 
halo, trifluoromethoxy, trifluoromethyl, hydroxy, alkoxy, cycloalkyloxy, 
heterocycloo3^, alkanoyl, alkanoyloxy, amino, alkylamino, 
aralkylamino, cycloalkylamino, heterocycloamino, dialkylamino, 
alkanoylamino, thiol, alkylthio, cycloalkylthio, heterocyclothio, ureido, 

15 nitre, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, 

alkylthiono, arylthiono, alkysulfonyl, sulfonamide, arylo3cjr and the like. 
The substituent may be further substituted by halo, hydroxy, alkyl, 
alkoxy, aryl, substituted aryl, substituted alkyl or aralkyl. 

The term "cycloalkyF refers to optionally substituted, saturated 

20 cyclic hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 
to 7 carbons per ring which may be further fused with an unsaturated 
C3-C7 carbecyclic ring. Exemplary groups include cyclopropyl, 
cyclebutyl, cyclepentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclodecyl, 
cyclededecyl, and adamantyl. Exemplary substituents include one or 

25 mere alkyl groups as described above, or one or more groups described 
above as alkyl substituents. 

The terms "heterocycle'', "heterocyclic" and "heterocycle" refer to 
an optionally substituted, fully satxirated or vmsatiurated, aromatic or 
nonaromatic cyclic group, for example, which is a 4 to 7 membered 

30 monocyclic, 7 to 11 membered bicyclic, or 10 to 15 membered tricyclic 
ring system, which has at least one heteroatom in at least one carbon 
atom-containing ring. Each ring of the heterocyclic group conta in i n g a 
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heteroatom may have 1, 2 or 3 heteroatoms sel cted fix)m nitrogen 
atoms } oxygen atoms and sulfur atoms, where the nitrogen and sulfur 
heteroatoms may also optionally be oxidized and the nitrogen 
heteroatoms may also optionally be quatemized. The heterocyclic group 

5 may be attached at any heteroatom or carbon atom. 

Exemplary monocyclic heterocyclic groups include p3m:olidinyl, 
pyrrolyl, indolyl, pjnrazolyl, oxetanyl, pyrazolinyl, imidazolyl, 
imidazolinyl, imidazolidinyl, oxazolyl, oxcizolidinyl, isoxazolinyl, 
isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl, isothiazolyl, 

10 isothiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, 
piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, 2- 
oxazepinyl, azepinyl, 4-piperidonyl, pyridyl, N-oxo-pyridyl, p3a-azinyl, 
pyrimidinyl, pyridazinyl, tetrahydropyranyl, tetrahydrothiopyranyl, 
tetrahydrothiopyranyl sulfone, morpholinyl, thiomorpholinyl, 

15 thiomorpholinyl sxilfoxide, thiomorpholinyl sulfone, 1,3-dioxolane and 
tetrahydro-l, 1-dioxothienyl, dioxanyl, isothiazolidinyl, thietanyl, 
thiiranyl, triazinyl, and triazolyl, and the like. 

Exemplary bicyclic heterocyclic groups include benzothiazolyl, 
benzoxazolyl, benzothienyl, quinuclidinyl, quinolinyl, quinolinyl-N- 

20 oxide, tetrahydroisoquinolinyl, isoquinolinyl, benzimidazolyl, 
benzopyranyl, indolizinyl, benzofuryl, chromonyl, covimarinyl, 
cinnolinyl, quinoxaUnyl, indazolyl, pyrrolopyridyl, furopyridinyl (such 
as furo[2,3-c]pyridinyl, furo[3,l-b]pyridinyl] or furo[2,3-b]pyridinyl), 
dihydroisoindolyl, dihydroquinazolinyl (such as 3,4"dihydro-4-oxo- 

25 qtiinazolinyl), benzisothiazolyl, benzisoxazolyl, benzodiazinyl, 
benzofurazanyl, benzothiopyranyl, benzotriazolyl, benzpyrazolyl, 
dihydrobenzofuryl, dihydrobenzothienyl, dihydrobenzothiopyranyl, 
dihydrobenzothiopjnranyl sulfone, dihydrobenzopyranyl, indolinyl, 
isochromanyl, isoindolinyl, naphthjrridinyl, phthalazinyl, piperonyl, 

30 purinyl, pyridopyridyl, quinazolinyl, tetrahydroquinolinyl, thienofuryl, 
thienopyridyl, thienothienyl, and the like. 

Exemplary substituents include on or more alkyl groups as 
described above or one or more groups described above as alkyl 
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substituents. Also included are smaller heterocyclos, such as, epoxides 
and aziridines. 

The term "heteroatoms" shall include oxygen, sulfur and 

nitrogen. 

5 The compoxmds of formula V may form salts with alkali metals 

such as sodium, potassiiun and lithium, with alkaline earth metals 
such as calcium and magnesium, with organic bases such as 
dicyclohexylamine, tributylamine, pyridine and amino acids such as 
arginine, lysine and the like. Such salts can be obtained, for example, by 

10 exchanging the carboxylic acid protons, if they contain a carbo^lic add, 
in compounds of formula V with the desired ion in a medium in which 
the salt precipitates or in an aqueous medium followed by evaporation. 
Other salts can be formed as known to those skilled in the art. 

The compoxmds for formxila V form salts with a variety of organic 

15 and inorganic acids. Such salts include those formed with hydrogen 
chloride, hydrogen bromide, methanesulfonic acid, 
hydroxyethanesulfonic acid, sulfuric acid, acetic acid, trifluoroacetic 
acid, maleic acid, benzenesulfonic acid, toluenesulfonic acid and 
various others (e.g., nitrates, phosphates, borates, tartrates, citrates, 

20 succinates, benzoates, ascorbates, salicylates and the like). Such salts 
are formed by reacting a compound of formula V in an eqmvalent 
amount of the acid in a medium in which the salt precipitates or in an 
aqueous medium followed by evaporation. 

In addition, zwitterions (""inner salts*") are formed. 

S Compoxmds of the formula V may also have prodrug forms. Any 

compound that will be converted in vivo to provide the bioactive agent 
(i.e., the compoxmd for formxila V) is a prodrug within the scope and 
spirit of the invention. 

For example compoxmds of the formxila V may form a carboxylate 

30 ester moiety. The carboxylate esters are conveniently formed by 
esterifying any of the carboxylic acid functionalities foimd on the 
disclosed ring structxire(s). 
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Various forms of prodrugs are well known in the art. For 
examples of such prodrug derivatives, see: 

a) Deaifn of Prodrugs , edited by H. Bundgaard, (Elsevier, 1985) and 
Methods in Enzvmology. Vol.:^, p. 309-396, edited by K Widder, et al. 

5 (Acamedic Press, 1985); 

b) A Textbook of Drug Design and Dev elopment, edited bv Krosgaard- 
Larsen and H. Bundgaard, Chapter 5, "Design and Apphcation of 
Prodrugs," by H. Bimdgaard, p. 113-191 (1991); 

c) H. Btindgaard, Advanced Drug Delive ry Reviews, S, 1-38 (1992); 

10 d) H. Bundgaard, et al.. Journal of P harmaceutical Sciences. 22, 285 
(1988); and 

e) AT TC^lTAyA^ Pt al., Chem Phar Bull . 32. 692 (1984). 

It should further be understood that solvates (e.g., hydrates) of the 
15 compounds of formula V are also within the scope of the present 
invention. Methods of solvation are generally known in the art. 

UseandUtffitv 

20 The compoxmds of formvda V are microtubule-stabilizing agents. 

They are thus useful in the treatment of a variety of cancers or other 
abnormal proliferative diseases, including (but not limited to) the 
following; 

carcinoma, including that of the bladder, breast, colon, kidney, 
25 liver, lung, ovary, pancreas, stomach, cervix, thjnroid and skin; 
including squEimous cell carcinoma; 

hematopoietic tumors of lymphoid lineage, including leukemia, 
acute lymphocytic leukemia, acute lymphoblastic leukemia, B-cell 
lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins 
30 lymphoma, hairy cell Ijonphoma and Burketts Ijrmphoma; 

hematopoietic tumors of myeloid lineage, including acute and 
chronic myelogenous leukemias and promyelocytic letikemia; 
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tumors of m senchymal origin, including fibrosarcoma and 
rhabdomyoscarcoma; 

other tumors, including melanoma, seminoma, 
tetratocarcinoma, neuroblastoma and glioma; 

5 - tumors of the central and peripheral nervous system, including 
astrocytoma, neuroblastoma, glioma, and schwannomas; 

timiors of mesenchjnnal origin, including fibrosarcoma, 
rhabdomyoscaroma, and osteosarcoma; and 

other tumors, including melanoma, xenoderma pigmentosum, 

10 keratoactanthoma, seminoma, thjrroid follicular cancer and 
teratocarcinoma. 

Compoimds of formula V may also inhibit tumor angiogenesis, 
thereby affecting abnormal cellular proHferation. Such anti- 
angiogenesis properties of the compoimds of formula V may also be 

15 useful in the treatment of certain forms of blindness related to retinal 
vascularization, arthritis, especially inflammatory arthritis, multiple 
sclerosis, restinosis and psoriasis. 

Compounds of formula V may induce or inhibit apoptosis, a 
physiological cell death process critical for normal development and 

20 homeostasis. Alterations of apoptotic pathways contribute to the 

pathogenesis of a variety of human diseases. Compoimds of formula V, 
as modulators of apoptosis, will be useful in the treatment of a variety of 
human diseases with aberrations in apoptosis including cancer 
(particularly, but not limited to folhcular l5nnphomas, carcinomas with 

25 p53 mutations, hormone dependent tumors of the breast, prostrate and 
ovary, and precancerous lesions such as familiad adenomatous 
polyposis), viral infections (including but not limited to herpesvirus, 
poxvirus, Epstein-Barr virus, Sindbis virus and adenovirus), 
autoinunune diseases (including but not limited to systemic lupus 

30 erythematosus, immime mediated glomerulonephritis, rheumatoid 
arthritis, psoriasis, inflammatory bowel diseases and autoimmune 
diabetes mellitus), neurodegenerative disorders (including but not 
limited to Alzheimer's disease, AIDS-related dementia, P^kinson's 
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disease, amyotrophic lateral scl rosis, retinitis pigmentosa, spinal 
muscular atrophy and cerebellar degeneration), AIDS, myelodysplastic 
syndromes, aplastic anemia, ischemic iqjury associated myocardial 
infarctions, stroke and reperfusion injury, arrhjrthmia, atherosclerosis, 

5 toxin-induced or alcohol induced liver diseases, hematological diseases 
(including but not limited to chronic anemia and aplastic anemia), 
degenerative diseases of the musculoskeletal system (including but not 
limited to osteoporosis and arthritis), aspirin-sensitive rhinosinusitis, 
cystic fibrosis, multiple sclerosis, kidney diseases, and cancer pain. 

10 The compounds of this invention, are also useful in combination 

with known anti-cancer and cytotoxic agents and treatments, including 
radiation. If formulated as a fixed dose, such combination products 
employ the compoimds of this invention within the dosage range 
described below and the other pharmaceutically active agent within its 

15 approved dosage range. Compoxmds of formula V can be used 

sequentially with known anticancer or C3rtotoxic agents and treatment, 
including radiation when a combination formulation is inappropriate. 
Especially useful are cytotoxic drug combinations wherein the second 
drug chosen acts in a different phase of the cell cycle, e.g. S phase, than 

20 the present compotmds of formula V which exert their effects at the G2- 

M phase. 

e.g. Thymidilate Synthase Inhibitors, 
DNA Cross Linking Agents 
25 Topoisomerase I and II Inhibitors 

DNA Alkylating Agents 
Ribonucleoside Reductase Inhibitors 
Cjrtotoxic Factors e.g. TNF-alpha or 
Growth factor inhibitors e.g. HER 2 receptor MAB's 
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The present compounds may exist as multiple optical, geometric, 
and stereoisomers. Included within the pr sent invention are all such 
isomers and mixtures thereof. 

The compoimds of this invention can be formulated with a 

5 pharmaceutical vehicle or diluent for oral, intravenous or subcutaneous 
administration. The pharmaceutical composition can be formtdated in 
a classical manner using solid or liquid vehicles, diluents and additives 
appropriate to the desired mode of administration. Orally, the 
compounds can be administered in the form of tablets, capsules, 

10 granules, jpowders and the like. The compoxmds are administered in a 
dosage range of about 0.05 to 200 mg/kg/day, preferably less than 100 
mg/kg/day, in a single dose or in 2 to 4 divided doses. 

Preferred Compounds 

15 

Especially preferred compotinds of formula V are those wherein 




20 XisO 
YisO 

Zi and Z2 are CH2 and 
Wis NR15. 
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Method <rfPreparatian 

Compounds of formula V are prepared by the foUowing schemes. 
Stsheme 1 

5 




XIV XIII 




V (Q is ethylene group) V (Q is oxirane group) 
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wherein R3, R4, R5, Rg, Rs and R15 are as above and Pi is an oxygen 

protecting group. 

Compoxinds of formula V where W is NR15 and X is O can be 

5 prepared as outlined in Scheme 1. A compovind of formula XII, where 
Pi is an oxygen protecting group such as t-butyldimethylsilyl, can be 

prepared from a compoimd of formula VI by known methods (i.e., 
Nicolaou, K.C,, et al., Anpew. Chem. Int. Ed. Engl ,. (1997) 36, 166-168). 
Aldol reaction of a compound of formtda XII and a compoimd of formula 

10 XrV provides a compoimd of formvila XIII. The compound of formula* 
XIV can be prepared by known methods (i.e., Schinzer, D., et al., Eur. 
Chem, Chron .. (1996) 1, 7-10). An aldehyde of formula XVIII can be 
prepared from a compound of formula XV as shown in Scheme 1 or by 
using known methods (i.e., Taylor, R.E., et al.. Tetrahedron Lett,, (1997), 

15 38, 2061-2064). A compound of formula XIX can be prepared fi^m a 
compoimd XVin by treatment with an amine using dehydrating 
conditions such as cataljrtic p-toluenesulfonic acid and azeotropic 
removal of water. A compound of formula XX can be prepared from a 
compound of formvda XIX by treatment with an allylating reagent such 

20 as allylmagnesium bromide. A compound of formula XXI can be 

prepared from compotmds of formulas XIII and XX, by standard amide 
bond coupling agents (i.e., DCC, BOP, EDC/HOBT, PyBrOP). A 
compound of formula XXII can be prepared from a compoimd of 
formula XXI by ring-closing metathesis using either the Grubbs (RuCl2 

25 (= CHPh)(PCY3)2; see Grubbs, R.H,, et al., Angew. Chem. Int. Ed. 
Engl.; (1995) 34, 2039) or Schrock catalysts (See Schrock, R.R., et al., i 
Am. Chem. Sec . (1990) 112, 3875). Deprotection of a compoimd of 
formula XXI using, for example when Pi is a t-butyldimethylsily group, 
hydrogen fluoride in acetronitrile or tetra-n-butyl ammonium fluoride in 

30 THF provides a compoimd of formula V where Q is an ethylene group, W 
is NR15, X is O, an R3, R4, R5, Re are defined as described above. 
Regioselective epoxidation of a compound of formula V wh re Q is an 

-13- 



wo 99/02514 



PCT/US98/12550 



15 



thyl ne group using dimethyldioxirane provides a compound of 
formula V where Q is an oxirane group, W is NR15, X is O, and R3, R4, 

R5, Ri5 are defined as described above. 



5 Scheme 2 



O O 
XXIII XXIV VIII 



Alternatively, a compound of formula VIII can be prepared by 
10 reaction of a compound of formtda XXIII with magnesixun and an acid 
chloride (R5CH2COCI) to give a compound of formula XXIV (See for 
example: Heathcock, C; et. al., J^Qlg^ChSffi^ 1990, 55, 1114-1117), 
followed by ozononolysis to give a compoxmd of formula VIII £is shown in 
Scheme 2. 



Schemes 



XXV ^« "xxvi 

Me ^ Re Re Re «8 Re Ra 

XXVII XXVIII XIV 



20 Alternatively, a compoxmd of formxila XIV can be prepared as 

shown in Scheme 3. Reaction of a compotmd of formxila XXV and 
pseudoephedrine provides a compound of formula XXVI. A compovmd 
of formula XXVII can be prepared from a compound of formula XXVI 
by alkylation with a pentenyl halide such as 5-bromopentene according 

25 to the method of Meyers (i.e., Meyers, A.; et. al., J, Am, Chgm, goc,, 
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1994, 116, 9361-9362). A compound of formxila XXVIII can b prepared 
from a compound of formula XXVII with a reducing agent such as 
lithium pyrrolidinyl borohydride. Oxidation of a compound of formula 
XXVIII, using for example p3n:idinium chlorochromate, provides a 
5 compound of formida XTV. Direct conversion of a compound of formula 
XXVII to a compound of formida XIV can be accomplished with a 
reducing agent such as lithiiun triethoxy-aluminum hydride. 

j5cheme4 

10 




XXXII XXXIII XX 



Alternatively, a compound of formula XX can be prepared from 
allylglycine as shown in Scheme 4. Allylglycine can be N-protected 

15 using methods known in the art to give a compoimd of formula XXK, 
where P2 is a suitable N-protecting group such as t-butyloxycarbonyl. 
Optionally, where R29 is not hydrogen, a compoimd of formula XXX can 
be prepared from a compound of formula XXIX by alkylation with an 
alkyl halide in the presence of a base such as sodium hydride. A 

20 compound of formula XXXI can be prepared from a compound of 
formula XXX using N,0-dimethylhydroxylamine and standard 
coupling agents such as EDCI and HOBT. A compound of formula 
XXXII can be prepared from a hydroxamate XXXI by treatment with an 
organometallic reagent such as an alkyl or arylmagnesium halide. 

25 Wittig olefination of a compound of formula XXXII provides a compound 
of formtila XXXIII (the Wittig reagent is prepared as r ported: 
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Danishefsky, S.E.; et. al., J. Org. Chem.. 1996, 61, 7998-7999), N- 
Deprotection of a compound of formula XXXIII using m thods known in 
the art provides a compound of formula XX. 

5 Schemes 




V (Q Is ethylene group) V (Q is oxirane group) 

10 A compoxmd of formula V where W is NR15, X is oxygen, and G is 

a 1,2-disubstituted olefin can be prepared as shown in Scheme 5, A 
compound of formula XXXV can be prepared by Wittig olefination of a 
compound of formula XXXII. A compoimd of formula XXXIV can be 
prepared by methods known in the art. A compovmd of formula XXXVI 

15 can be prepared by N-deprotection of a compotmd of formula XXXV 
using methods known in the art, A compound of formula XXXVII can 
be prepared by coupling reaction of a compound of formula XXXVI and 
a compotmd of formula XIII using standard coupling agents such as 
EDCI and HOBT. A compoimd of formula XXXVIII can be prepared 

20 fi:^m a compoxmd of formula XXXVII by methods described in Scheme 1 
for the preparation of a compound of formula XXII, Using methods 
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described in Scheme 1 (steps o and p), a compound of formula XXXVIII 
can be converted to compoxmds f formula V where W is NR15, X is 

oxygen, and G is a 1,2-disubstituted olefin. 



5 Schemes 




10 A compound of formula V where both W and X are o^gen, and G 

is a 1,2-disubstituted olefin can be prepared as shown in Scheme 6. A 
compound of formula XXXX can be prepared from a compoimd of 
formula XXXEX by treatment with an allylating agent such as 
allylmagnesium bromide. Enantiomerically pure XXXX can be 

15 prepared by employing chiral reagents (see, for example: Taylor, R.E.; 
et. al., Tetrahedron Lett,, 1997. 38, 2061-2064; Nicolaou, KC; et. al., 
Angew. Chem. Int. Ed. Engl. . 1997, 36, 166-168, Keck, G., et. al., J. An^. 
Chem. Soc- 1993, 115, 8467). A compoimd of formula XXXXI can be 
prepared fi'om compovmds of formiila XXXX and XIII by using 

20 standard esterification methods such as DCC and DMAP. A compoimd 
of formula XXXXII can be prepared from a compound of formula 
XXXXI via ring-closing olefin metathesis as described in Scheme 1 for 
the preparation of a compoimd of formula XXII. Compounds of 
formula V where both W and X are oxjrgen, and G is a 1,2-disubstituted 
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olefin can be prepared firom a compound of formula XXXXII by 
deprotection (where Q is an ethylene group) and, if desired, epoxidation 
(where Q is an oxirane group) as described above. 

5 geheme? 




O OPi o 
XXXXVI 



O OH O 
V (Q is ethylene group) 



O OH O 
V (Q is oxirane group) 



A compound of formula V where both W and X are oxygen, and G 
10 is alkyl, substituted alkyl, aryl, heteroaryl, bicycloaryl, or 

bicycloheteroaryl can be prepared as shown in Scheme 7. A compound 
of formula XXXXIV can be prepared by allylation of a compound of 
formula XXXXIII, where G is alkyl, substituted alkyl, aryl, heteroaryl, 
bicycloaryl, or bicycloheteroaryl, by reaction with an allylating reagent 
15 such as allyl magnesium bromide. A compovmd of formula XXXXV 
can be prepared firom a compound of formula XXXXIV via 
esterification with a compovind of formula XIII using, for example, 
DCC and DMAP. A compound of formula XXXXVI can be prepared 
fi-om a compoxmd of formula XXXXV by ring-closing metathesis as 
20 described above. Following the methods outUned above for Scheme 1, a 
compound of formula XXXXVI can be converted to compounds of 
formula V by deprotection and subsequent epoxidation. 
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Schemes 




A compound of formula V where W is NRis, X is oxygen, and G is 
5 alkyl, substituted alkyl, aryl, heteroaryl, bicycloaryl, or bicycloheteroaryl 
can be prepared as shown in Scheme 8. A compound of formula 
XXXXVII can be prepared by reaction of a compound of formula 
XXXXIII, where G is alkyl, substituted alkyl, aryl, heteroaryl, 
bicycloaryl, or bicycloheteroaryl, and an amine under dehydrating 
10 conditions. A. compound of formula XXXXVIII can be prepared from a 
compound of formula XXXXVII by treatment with an allylating agent 
such as allylmagnesium bromide. A compound of formula XXXXIX 
can be prepared from a compound of formula XXXXVIII and a 
compound of formula XIII by standard amide bond coupling techniques 
15 using, for example, EDCI and HOBT. A compound of formula L can be 
prepared from a compound of formula XXXXIX by ring-closing 
metathesis as described above. Following the methods outlined above for 
Scheme 1, a compovind of formula L can be converted to compounds of 
formxilas V by deprotection and subsequent epoxidation. 

20 
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Scheme 9 




O OH O 



A compotind of formxila V where X is oxygen, W is NR15, and G is 

and D is selected from the group consisting of NR28R29» NR30COR31, 
and saturated heterocycle (i.e., piperidinyl, morpholinyl, piperazinyl, 
etc.) can be prepared as shown in Scheme 9. A compound of formula LI 
C£in be prepared from a compoxmd of formula XXXII by reductive 
10 amination using a primary or secondary amine and a reducing agent 
such as sodium triacetoxyborohydride. Compoiands of formula LIII, 
LIV, and V can then be prepared following methods described above in 
Scheme 1. 
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TTT^s nTff"5 n 

O CH O O OPa O O 

V LV LVI 



OPg O 




5 



Alternatively, a compound of formula V where X is oxygen, W is 
oxygen or NR15 or oxygen, and G is 




f?12 



and D is selected from the group consisting of NR28R29> NRsqCORsi, 
and saturated heterocycle (i.e., piperidinyl, morpholinyl, piperazinyl, 

10 etc.) can be prepared from a compound of formula V as shown in 

Scheme 10. A compound of formula V can be converted to a compound 
of formula LV by protection of the hydroxyl groups with suitable 
protecting groups such as t-butyldimethylsilyl. A compound of formula 
LVI can be prepared from a compound of formula LV by ozonolysis. 

15 Treatment of a compovmd of formula LVI with an amine and a reducing 
agent such as sodium triacetoxyboro-hydride provides a compound of 
formtda LVII. Removal of the protecting groups from a compoxmd of 
formula LVII, with for example hydrogen fluoride, provides a 
compotmd of formula V where X is oxygen, W is NR15 or oxygen, and G 



20 is 
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V 



5 A compound of formula V where W is NR15, X is oxygen, and G is 

O 

can be prepared as outlined in Scheme 11. A compoxmd of formula 
LVIII can be prepared from a compound of formxila XXX by treatment 
with an amine and standard amide bond coupling agents such as EDCI 

10 and HOBT. A compound of formula LX can be prepared from a 
compound of formula LVTII by N-deprotection, using for example 
trifluoroacetic acid when P2 is a t-butyloxycarbonyl group, followed by 
coupling of compounds of formula LIX and XIII using standard amide 
bond coupling agents such as EDCI and HOBT. A compoimd of formula 

15 LXI can be prepared from a compoimd of formula LX by ring-closing 
metathesis. A compound of formula V can be prepared from a 
compoxmd of formula LXI following methods described in Scheme 1. 
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A compoxind of formula V where W is oxygen, X is oxygen, and G 

is 

O 



Rl4 

can be prepared as outlined in Scheme 12. A compoimd of formula LXII 
10 can be prepared from allylglycine by treatment with nitrous acid. A 
compound of formula LXIII can be prepared from a compound of 
formula LXII by treatment with an amine and standard amide bond 
coupling agents such as EDCI and HOBT, A compoxmd of formula 
LXIV can be prepared from compounds of formula LXIII and XIII 
15 using standard amide bond coupUng agents such as EDCI and HOBT. 
A compound of formula LXV can be prepared from a compound of 
formula LXIV by ring-closing metathesis. A compoimd of formula V 
can be prepared from a compoimd of formula LXV following methods 
described in Scheme 1. 

20 
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Scheme 13 




O OH O 
V 



Compotmds of formula V where G is a 1,2-disubstituted ethyl 
5 group can be prepared from a compound of formula V where G is a 1,2- 
disubstituted ethylene group by hydrogenation with a catalyst such as 
palladiiun on carbon, as shown in Scheme 13. Furthermore, 
compounds of formula V where G is a 1,2-disubstituted cyclopropyl 
group can be prepared from a compound of formula V where G is a 1,2- 
10 disubstituted ethylene group by cyclopropanation with diiodomethane 
and zinc-copper couple, as shown in Scheme 4, 
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Scheme 14 




5 A compound of formula V where Zi is oxygen can be prepared as 

shown in Scheme 14. A compound of formula LXVII can be prepared 
from a alpha-hydroxy ester LXVI and a 3-buten-l-yl- 
trifluoromethanesulfonate (or with an 3-butenyl bromide and silver 
triflate). A compound of formula LXVII can be reduced with a reducing 

10 agent such as diisobutylaluminum hydride to provide a compoimd of 
formula LXVIIL Alternatively, a compound of formula LXVIII can be 
obtained from a compound of formula LXVII by a two step procedure 
involving reduction with lithium borohydride and oxidation with 
pyridinium chlorochromate. This compound of formula LXVIII can be 

15 substituted for a compoimd of formula XIV in Scheme 1 to give a 

compound of formula LXK. Further elaboration of LXIX as described 
above provides a compound of formula V where Zj is o^gen. 



Scheme 15 




20 XII 
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10 



Similarly, a compound of formula V wher Zi is NR23 can be 
prepared as shown in Scheme 15. A compound of formula LXXI can be 
prepared from a alpha-amino ester LXX and a 3-buten-l-yl-bromide. A 
compound of formula LXXI can be reduced with a reducing agent such 
as diisobutylsQuminum hydride to provide a compotmd of formula 
LXXII. Alternatively, a compound of formula LXXII can be obtained 
from a compound of formtda LXXI by a two step procedure involving 
reduction with lithium borohydride and oxidation with pyridinium 
chlorochromate. This compoimd of formula LXXII can be substituted 
for a compound of formula XIV in Scheme 1 to give a compoimd of 
formula LXXIIL Further elaboration of LXXIII as described above 
provides a compoimd of formula V where Zi is NR23. 



15 Scheme 16 



EtOaC 



Ra 

LXXIV 



OP1 O 
XII 



EtOgC 



h 



LXXV 




LXXVII 



OHC 



Re ^8 



LXXVI 




A compoxmd of formula V where Z2 is o^gen can be prepared as 
20 shown in Scheme 16. A compound of formula LXXV can be prepared 
from a beta-hydroxy ester LXXIV and an allylating agent such as 
allylbromide (or an allyl bromide and silver triflate). A compotmd of 
formula LXXV can be reduced with a reducing agent such as 
diisobutylaluminxun hydride to provide a compoimd of formula LXXVI. 
25 Alternatively, a compound of formula LXXVI can be obtained from a 
compoxmd of formula LXXV by a two step procedur involving reduction 
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with lithium borohydride and oxidation with pyridinium 
chlorochromate. This compound of formula LXXVI can b substituted 
for a compound of formxila XIV in Scheme 1 to give a compound of 
formula LXXVII. Further elaboration of LXXVII as described above 
5 provides a compound of formula V where Z2 is oxygen. 

Scheme 17 



10 



15 



20 



EtOgC^ 



23 



LXXVIII 



EtOaC 



Pe ^23 



Be f?23 ?8 



LXXIX 



LXXX 





OP1 0 
XII 



Similarly, a compound of formula V where Z2 is NR23 can be 
prepared as shown in Scheme 17. A compound of formula LXXIX can 
be prepared from a beta-amino ester LXXVIII and an allylating agent 
such as allylbromide, A compoimd of formula LXXIX can be reduced 
with a reducing agent such as diisobutylalimiinvim hydride to provide a 
compound of formula LXXX. Alternatively, a compoimd of formula 
LXXX can be obtained from a compoimd of formula LXXIX by a two step 
procedure involving reduction with lithixun borohydride and oxidation 
with pyridinium chlorochromate. This compoimd of formula LXXX 
can be substituted for a compound of formula XIV in Scheme 1 to give a 
compound of formula LXXXI. Further elaboration of LXXXI as 
described above provides a compound of formula V where Z2 is NR23. 
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V 



LXXXII 



LXXXIII 



c 




OP4 o 



d 




OH O 



LXXXIV 



V 



10 



A compound of formula V where W is oxygen or NR^g and Y is H,H can 
be prepared as shown in Scheme 18. A compovmd of formula V can be 
converted to a compoimd of formula LXXXII, where P4 and Pg are 
hydroxyl protecting groups, by treatment with a reagent such as t- 
butyldimethylsilyltriflate. A compound of formula LXXXIII can be 
prepared from a compoimd of formula LXXXII by treatment with 
Lawesson's reagent. A compovmd of formula LXXXIV can be prepared 
from a compoimd of formula LXXXIII by using a reducing agent such 
as tri-n-butyltin hydride when W is oxygen or by treatment with methyl 
iodide and soditim borohydride when W is NR^g. Removal of the 
protecting groups from a compound of formula LXXXIV, using for 
example hydrogen fluoride when P4 and Pg are silyl groups, provides a 
compound of formula V where W is oxygen or NR^g and Y is H,H. 
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Scheme 19 




Cll V 

A compound of formula V where W and Y are oxygen, and Rj is alkyl or 
5 substituted alkyl can be prepared as shown in Scheme 19. A compound 
of formula V can be protected to give a compoxmd of formula LXXXV, 
where Pg and Pg are hydroxyl protecting groups, by treatment with a 
reagent such as t-butyldimethylsilyl trifluoromethanesulfonate. A 
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B|nuiJOj JO punoduioo apixoda Smpnodssjjoo 

pazipixo Jaxi^^mj eq hbo ^ Bputjoj jo punoduiOD stx{X -sdtioja tAps 8JB gg 
apuotq} u33ojpiCq ^a^duiBxa joj *3tiisn sdnojS 3ui:jaatjojd 
exf^ JO xBAOtaaa Aq paMonoj OWN/dVdiI 'qdurexa joj 'Smsn uorjBppco 
iCq HQ B|nuLioj jo punoducoo b uio:g paiBdaid aq treo *liC3[ps p^:^n^^l:^sqns 
JO liC3i[B SI puB *ua3^o a JB pxre ^ ajaqM *A Bpiuuoj jo putiodxnoo 

V dnojS ii£znaqyCxoq:jaui-d b st ueqM ^qQ '^I^^xa joj 'Suisn Qg 
dnojS aq^j jo [BAoraaj Aq jq b|uuijoj jo pxmoduioo b tnojg pajBdajd 
aq UBD 113 Btnuijoj jo pxmoduioo y atjBuojpisaxiBqt^araojonijL^ 
liClisiiCq:^axinpiAjnq-:^ sb qons :^ua3Baj b xfjiM :^uaxi^Baj!^ 
iCq 'dnojS 3tn:joa;ojd i^ojpXq b st «j ajaqM *io Bpxxuoj jo pxmodxnoD 
B oAiS pa:^aa^^0Jd aq xibo q Bpuijoj jo punodxnoo y ©PTPOI i^q^^axn g|. 
SB qons :^Tia3B 3in:^B|VC3[tB ire q^iM !juauit^Baj^ iCq paAio^oj apiurei^dojdostip 
umiq^jq SB qons asBq b q^iASi ^^uara^Bajt^ Aq XIXXXXTI tbP«"OJ 
JO ptmodraoo b iuo^ pajBdajd aq ubo q Bpirajoj jo punodinoo y *dnoj3 
tiCXisiiCq:^aiiriptiC:jnq-^ b st ajaqM XIXXXXl Bpiuuoj jo punoduioo 
B aAiS apuoiqo |iCiTsiiCq:^auiTp{iC:^nq-!^ a^duiBxa joj Smsn pa:»aa:^ojd Qi 
iCpAi^^oaps aq ubo uaq:^ qorqM HIAXXXXl «I^^9J Jo pTmoduiOD 
B sapxAOJd sdnoj3 xiCltsiiCq^aimpiiC^nq-:^ ajB piiB naqm auipuiCd ui 
apijong ua3ojpXq 'aidoxBxa joj 'Suisn IIAXXXXI ^P^^j jo punodnioD 
B JO ® J puB sdnojS Smtjoatjojd Bq% jo pAOinaa •a:^BpraiT;^aDBOJO[ipLq 
lyCzuaqiCxoq^ain-d 3insn 'i>CzuaqiCxoq:^aui-d aidurexa joj si ajaqM 9 
*dnoj3 xiCxojpXq aip jo uopoai^ojd Xq lAXXXl i^innuoj jo punoduioD 
B raog paJBdajd q ubd IIAXXXI ^inrajoj jo punodinoo y •opupAqojoq 
nznipos SB qons '^u 3b 3upnpaj b q^iJA ^^uani^BaJi^ Aq AXXXl Bpiinjoj 
JO ponodmoo b raojg paJBd Jd aq ubo TAXXYT BpuiJOj jo pnnodnioo 
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^ Bpioioj JO pxmoduioo b uio^ psjtBdajd aq ubd ^uaSoapXq si ajaq^ 
*^^HN SI M naSiCxo si x ajsq^^ A ^pnuoj jo punodraoo y 



P^bNS!AA)A ^'^ O 




joj aas) 02 auiaqog m uMoqs sb auaooqopi jo auaoouoojtz *atiaooTre:^T:j 
SB qons auaooipsi^ara aApoBaj b Vf\uei :^naxn:^Bax^ Xq Suii auBJCtxo xxb st 
^ ptiB uaSXxo St X ajaq>^ A ^ItiuLioj jo pimoduioD b uzojg pajBdajd aq ubo 
Tigap xiB SI ^ puB uaSiCxo si x ejaq^fl^ A ^piii^oj jo punoduioo y g 
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JO uopBOUoj Xq uaSiCxo ajB ^ pire x H^oq ajaqM a Binuuoj jo ptmoduioD Qg 
B uio^ pajBdajd aq treo AO i3|nuuoj jo pxmoduioo y araaqog 
ui UMOtis SB naSiJxo aJCB ^ puB X H^^^ ajax^AV. a ^pixuqj jo ptmodinoo 
B rao^ paJBda-td aq ubo 'iX^^b pa^tnt^^sqns-o 'l^^-O 'oxoiCooja:^aq 
*liCi[p3opXo ^xiCjBOjatjaq *iiCjB pa^^nt^t^sqns 'i^C^lps st ^J^q^ 

*^^HN ^1 M naSXxo st x a bitixxuoj jo punodraoo y 91 
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•(jojcgi^j) a^^BqdsoxidojongBxaq 
timTOOt[dsoqdoinpnoajiCdLi:^oxnojq jo aptZB liCjcoqdsoqdiiCuaqdtp 
'a^daiBxa joj *3tnsn uopBzttrtB^joBiojoBui Xq AID ^inauoj jo prmoduioa b 
uiojj pajBdajd aq ubo 'uaSojpXq si ajaqM ^ piiB ua3^o st x 

ajaqM a ^iniaioj jo punodraoo y ' AIO ^intojoj jo punodraoo b sapiAOjd 
auTqdsoqd^Auaqdu:^ SB qons :^ua3B Suionpaj b myA mO Tstnxoioj 
JO punodraoo b jo uoi^^onpaa ^^uanbasqng \Z6ZG 'P9 '6861 '^^O 'SuQ T 
•[B -^^a !-i- s *tqsBqBjnj\[ :aidraBxa joj *aa8) apizB umipos qt^m t^uau^Bao:^ 
Kx\ paMonoj auiqdsoqdtiCuaqdutjsppxjatj xunipBipsd 'a^diuBxa joj 'Suisn 
X fdraoo umTpBipsd^iCipB-Td jo uoirjBULioj Xq u 3^o jb ^ pxiB x 
aaaqM a i^prajoj jo pxmodraoo b raoj; pajBdaad aq ubo jhq Bpiuuoj 
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•paugap ^n^ntrexn aj9M s^mod aiup g ^s^^l 3utssndxxioDua uoiSaa 
leemi Bvp, jo saunt^ pxig pxre iBpiui Jaq^ t^uacatuisui aq:j 3titXtredraoDDi5 
UTBjSoid ai{; Xq pa:^Bpio[Bo ajaM spuooas OT iC^^Aa paxnsBaui aSireno qO OB 
JO sadois \Bx%mi -pasn ajre i^ii OT *0'S ^pjauaS jo uoi^j^x^uaouoo 
punodraoo pxre im/3m o'T Jo noir^Bx^uaouoo uia^ojd atnqt^ojonn 
pug V Ma^^anio^^oqdox^oads aQ OOfL XIQ PP^H (s:»naratu:^siq xrexmioag) 
treun[oag b jo sn^A^^ a^^^jaAtiooJoioi ut ^^S^^ nocjBZLiaui^iod 

xn uipqn^j o:> pappn aoB (9 9 *ZI03r 9 0 VXOS H^I 'SaiAE HT'O) 92 
jajjnq uopBZijauiiC|od in pimodraoD jo suoi^^BX^uaouoo ^^uaiajjip *poq:^axn 
siqcj jo^ 'punodxnoD uaAi3 iCtre joj uor^Hx^uaouoo aAT:^oajga ub sb Xoua^^od 
uoT^BZuaui^lod unnqn:^ jo uoissajdxa aq^» ui ^^pisaj ''ixed ui ^snorjBogipoui 
Qsatii. (xsei 'f'SII-SLTI :t8 niaqo pan T suoi^BjnSguoo Z'O aiq^uBA 
pxre s^^uan:jT^sqns uiBqo apis Suu-y p^^pp ipT>^ sanSoiBire ioxb:^ aAi^OB 02 
itn^otSoioia I *ia3inH P^b * a s 'ziJTA^OH ^ a'N 'bsubix ' S O 'II^P^^S 
aas) * iB t^a ^naptriMg jo aanpaaojd pagipoin b 3uiA\onoj paiisnduioooB 
SI iCoua^od uoiijBzuauiiCiod uipiqm jo uopBogpiren^ asn ajojaq uaSoit^ra 
pmbn in pajo^s puB (ZS61 'S88-9Le -Q *S8 ^oioxniCzua ui spoq:>aH 
•xipajq luojg utpaqni^ jo noit^BJBdaaj 'o -f 'aaq puB *uf ^ Q-^ ^sureniTM 91 

aas) aa^ puB surennM ampaoojcd bji% Supionq} pajBdaad sbm 
iifinqn; niBjq jtea (XS) popA) aoiMj, -noit^BziaaraiJio j mptqni cx^tA iq 

rsMo^^oj SB pauuojjad sbm ^ Btnuuo^j 
JO spimodmoD aq:^ jo A^ia^ob pgaiSoioiq jo ^jnarassassB oufin m aqj, 

01 

•tiCXisiiCir^aiiiipiX^jnq-?-o ejaqiA a^Bipaurja^xn xre 
inojj x^nsiXipaxnrpiiC^jtiq-? sb qons dnoj3 3xn;^oa:»ojd b aAOxnaj <y\ Aressaoau 
aq iCBUi %i *HO ®T 9JaqM asBO aq:^ uj (dLOJa^) a^BqdsoqdoIon^Bxaq 
umTOoqdsoqdouTpiioJJiCdu^^ouiOJq JO apizB |iCioqdsoqdiyCiiaqdip 
*a|duiBxa aoj 'Suisn nopBzrare^OBiojOBUi Aq a ^inxxuoj jo pxmoduioo g 
B inojg pajBdaad aq ireo *iA:s[[b pa:jtni:^sqns-o *l^^-0 *HO *ox^iC^oJ[a:^9q 
^liCinBopA) 'i^iBOja^^aq *i^re *iXi[p3 pa:^n;i;sqns 'i&siap si ^J^M^ 
*®^aN ST M P^ tiaSiCxo si x w^q^^^ A ^P™toj jo punoduioo v '^OTXire 
itreuxtid B qi^iM i^uau^Bax^ &x{ pa/AO|xoj axnqdsoqdx^uaqdi^spiBxja^ 
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*]^u OOOT - TO'O ^Sjibi aq; ui ipsj uor^uaAUi siif^ jo spxmodxnoo xoj sanp^A 
OSoi snao pji^uoo pa^^Baj^un jo jo %09 (W^OS^ aoireqjosqB 
*a-i) uoIt^BJ^JTlOId jpo ^^iqnpit pajpibaj uot^^BX^aaouoo Srup aq^j si qoiq^A 
*OSOI wa SB passajdxa ajB s:^pisaa axix P jaqumu aq^j ja^^BaiS gg 

aq;^ aDireqjosqB aq:^ ja^jBajS aqjL ^^Ip3^tx^auI(X^oqdox^^^ds pa^B^^p^xrenb 
aq HBO qotqM W^Z6f ^qSq sqjosqB uuqj b otj SIW saonpaj 
s^ao aAq xn auiAzua asBuaSojpiCqap y P^PP^ s^^^ (uot^BJtjuaouoo 
[Bug) 92 ^^B a:^Bjinsoq:^aui antZBuaqd ^^ua3B Suqdnoo uox^aaja bx[% myA 
uoi^Bmqraoa ut *(uoi:jBj:^uaouoo [Bug) [ui/Srl ggg ^b gXK *®^P ranqozBX^ai^ 02 

axp auic^ qoiqM. :jB sjnoq ZL 0^8 pa^^Bqnom aaaM s\po aqx 
•pa^^rqtp {Buas puB pappB aaa^A sStup aa^^B^ sjuoq fz puB sa:^Bxd jai^rjojonn 
96 UT n®^F^ 000> ^« p^:^Bld ajaAV sflao 'zeei '^tSlK l^Idi^S) 
e 7o?ff '2^pj ./-siCBSSB iC^tAp^isuasoxnaqD puB noi^Baajqojd ox%xa m joj 
Slil^ punoduioo umfxozBJi^a; [aAOu b ptiB 'jjx ^InLK J<> nosuBdtnoo,, ^-^b 
vja *SBt^ 'TX ^ pa^^iodaj bb iCBSSB (^»ibs aaum *umqozBj:^at^-HZ-(l^uaqdps 

-fyZ'(l^^^^^o^%^xxxAxoqxBO'2y^'{^^^ SJM 
siiao BraomojBo uoxoo xreranq 9II-JQ0H passassB sbm itjtorxot^vCQ 

OOOI'TO'O a3uBJ aq:^ ui [psj uoit^uaAui siq:^ ui sptmoduioo aq^j jqj sarifBA 
^'^^Oa 'suopBi^uaouoo ^^najajjip g uio:g pauiBt^qo uoi^jBtAap pjBpxn^s 
qt^tM oBdizi aqi^ SB passajdxa axB sanpsA ^^'^03^ -adois/aop^BX^uaonoo = 
^^'^03. -Bpxiuoj axp Suisn pa:»Bpop3o st puB a^^BJ a;niirai/aO TO'O ^^^1^ S 
pst^iui UB SupnpuT JO ajqBdBO uoi:^b Jt^uaouoo pa:jBpdja^jui aq:^ sb paugap 
SI ("'^'oa) uop^BX^uaouop BAvp jga s^xun aouBqjosqB SX O aooBqjosqB 
umunxBui puB *a:^nima/jTtm aotrcqaosqB goO'O SO'O paSxiBJ 
sadoxs 'g.OT> iCuBJauaS ajaiA saouBUBA JBauq suoirjipuoo asaxp japuQ 
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pajnod SBM aar^xiui nop3B3J aiy^ gx JOj paxir^e sbia ajn^^xnn 3i6Bi{dTq qS 
QVf^ puB (qui 08) P^PP^ SBM iaq:^a jo n<I ^ pa^^snl^B sbm uot^nps 
aii!j ptre Cpu 08) O^H ^Q^^J sbm enpisaj ax{X onova ui paAomaj 
9jaM saipBiOA aqx 'CV^ OS) -t^q^^ paqsBAi sba^ a3[B0 ja:j[g aif^ puB 
*paja:^ig bbm ainipcnii uopaBaj aqj, q joj ajn:jBjaduia:^ mooj %b paxit^s 

uatp puB *L[2 joj xnpaj ^jb paxn^s sbai ajtr^xnu uoii^oBaj atf^ 'a!}a|duio3 gg 
SBM uor^tppB ia:ffv "^T^ *^®ao (qui ggx) Jaq^^a xn (loui 09'0 *S 69) V 
punodraoQ jo uop^mos b pappB sbm uaSojt^iu lapun Qo 0 98T) -iQH^Q 

ut (loui OS'O "^t^) spfiopi^ x^uoidojd jo uorjtuos Suixnt^s b oj, 

02 

\zfi 'mn) sn no ssaijoioo jBap 

B SB Y punoduio^ jo (%0S) ^ S8T ^^^^ umnoBA qSiq jcapun uop^B^ip^siQ 
sT^BJBddB uopB|ji:^stp uumpo xnajSiA b paddmba sbm i[sb]j 
aip pxre *ajn:^Bjadtna^^ uiooj o:^ papoo uaip sbm aor^xiui uoii^oBaj: axij, 
•q 03 -loj Oo 091 pa^^Baq puB dsjn 3[jcB;g-iiBaQ b q^jiM paddpaba sbm i[SBU g|. 
aq!j uaq^ pxre *q g joj ajn!^B jaduia:^ uiooi paxii^^s sbm ajtupqui uopDBaj 
aqij 'uoptppB a^aidxnoo Jaiyy Oo 08 p^^oxa uopoBaj axp jo axn^BJaduia:^ 
BVf^ MOHB »ou pip nouj[/A a:^BJ B c^B (|oxn 6*1 *Tn 8ZI) ap^tiepiB-t^nqosi 
pappB SBM (pui 6'T '3 S'S9T) aufioqdaora 3uixn:^s oj, 

*aiinoqcIaom[iiCiiad<ud-x-(lvCipai\[-^)]-J^ •y 01 



dUOfp 

-9*g-^Ti3aapBxaqoxoX3-(a08I-HZB-X'[l^^^®(l^l<>S5^^^ 




'uopuaAui :^ua6ajd aq:^ a^BJt^snf^i sa^durexa SaiMOiioj aiy;, 
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B SB 0 pnnodxnoo jo (%8L) 3 Z'Ll S9UBxax{/ov0^a %0l P^a^oIPJ 

saxrexaq qijiM 3uT:^n^^ iCiidBJSo^jBuiojqD tiBBg Xq paijund sbm enptsaj 
aqj, -owaoa t/2 pat^BJct^uaouoo pttB 'paja:»ig *(^OS^N) P W ^^^^ soiubSjo 
pautquioo aqj, (7™ 099 x g) ^10^0 H^T^ po^^OBJ^ca s^ia aaXBX enoanbB 

atf^ puB ^pa^BJBdas aaa^ sjtaXBX aqtj X^m 0S9) O^H ^^^T pajnod sbm qE 
aoi^xrai uopoBaa aqt^ 'nop^ippB atjaxduioo zaqjv Do OT ^AoqB ajr^Bjadraoj 
aq:^ esBajDm %on sb AyAois {\omm qqz '3 69) atJBnojtnsaTreqijauiojonijtn 
l/ilxGi/iT\'\Bmxpi£'\nq'fUB} pappB xiaqt^ sbm uoi^rqos Sumps aq:» ox 'pappn 
SBM (lotnui geg 86) axnureiiCqtjaiiCdojdosnp puB 0 ^ paiooo 
OSS) ^10*^0 ™ uaifB:^ sbm anptsaj srqj, 'onova m pa:jBx^uaouoo pxiB 
*paaa:ng *(*'OSSlA[) P^FP OOX) lO^N snoanbB pa^^Bin:»BS q^^iAi poqsBM 
ajaM s:»OBJ|xa otubSjo pamquioo bv{J, '(qra OOI x Z) -i^H^Q M^T^ pa^oBJcpca 
-aj ajaM saqsBM snoanbB pauiqtxioo aqj, (^xu OOS) O^H paqsBM sba\ 
asBqd otxibSio aq:^ pxre *pa:jBaBdas aaaM sjaiCB| aq:^ 'a-mi^Biadnia:^ uiooj 
(y\ paiooo SBM ajnrjxnu uor^oBaj aqj, -q z ^oj xngai ^b %dBi[ ubji% pnB *(qtn 02 
t9) ^O'B %08 P^ (T™ ZS) HO^^N N 8 M^T^ patjBai;^ 'ajn^BJadura^ uiooj 
cjqSnojq sbm ajuvciui uopoBaj axu, pappB sbav (ini g*!) iouBq:»aui 
puB q g o p^^IWP^ ^ -^91 paxirjs sbm ajn^^xrai uoit^oBaa aqx pouad 
q X B jaAO pappB uaxp sbm Qo 8/.- (1™ 06) -^^M^® ™ (lounn 68 '3 Z^ IT) a 
punoduioQ JO uopnps y uaSox^ru japtm qOT" ^ papoo pxiB (tui qoZ) SI 
jaq^a m dn ua3[B;j sbai ^Bija^Btn srqx axiBJoqiAnaqduiBOOiitdGsnpiAuB 
-ff ^^?3 ^ O720on ti2 pa:^BJodBAa uaqi^ ajaM si^OBxpca 
paxnquioo aqj, 'uaSoat^ra japtm a:jqao qSnojq:^ pa-ia^ig ajaAi sijoBxpca 
aqpj puB '(qxu 09T x z) arre^^uad q^^iM pa:pBxpca sb^a anpisaj axu, 'onova 
ui pa:^BXHiaouoo uaqtj puB *q x JOj Qo SZ paxiii^s SBiA axnijxnn uop^DBaj oi- 
aqx q 91 JaAO (punn 'qui jaqt^a m apiuioiq amisaxiSBnqXtps 
M O'T pappB SBM uaSoxjtu lapun q (T" 08) Jaqija xn (|otxnn X8 
*3 Z, gZ) attBJoqiiCnaqdniBOonidosiipiCxoq^aTii-g-(-) JO uorjnxos b oj, 
•aua:po-XK>M)^|Apainn[>-g*^^TO 

S 

UZl 'H-P«) SW IP esaijoioa 'jBap 
B SB a pxmodrao3 jo (%9X) 3 fr-QX aAi3 o;^ umnoBA qStq japun p npsip 
SBM anpisaj axix -onova m pa:^BJodBAa puB ^pajo^g '(^OS^PJ) P®HP 
aaaM sotxibSjo pauiqxn a (ini ooi ^ g) Jaq^j qi^iiA papBXjxa bbai 
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(808 *H+W) SH 'ITO snooeiA *ss3tJ0t0D *JBap Brag ptmoduiOQ 08 
JO i%Z6) 3 6L 2 <n HO^V %I/S9trex8xi/3V0*a %0S ^Vy^ 3ur^ni9 
iCqdBjSc^Bxnojqa qseg pagund sbm. onptsaj aqj, 'onova ut paAoxnaa 
ajaM sa[t^BX0A aip ptre *p9ia:jxg X^OS^W) P^PP ^-'^^ s^^oBxpca oitre^jo 
pamqtnoD aT^L OST ^ 8) ^VO^a H^T^ uot^OBxjxa iCq paMonqj (qra 
OSI) pappB SBM anpteaj aq:j oj, 'onova m paAOXuaJC bxbul s^^uaAfos aif^ gg 
uaxp. ptre n 9'o JOj paxn^s sbm ajntjxixn uopoisaj aqj, 'aJt^Bjadina^ mooj 
%^ asiMdoJcp pappB sbai (qra 9x) o^H ^ (loraui ^ OZ *3 xg'g) oiSBqououi 
a^jBqdeoqd ximipos pxre (lotmn g'Of^ *5 T9'f') Q^F^H^ umipos jo uo^nps 
B UBJ\% pire '(puiui g-gg 'qui gg g) aua^^nq-g-iXtiijaui-g pappB sbm (qui 
g/,) louBt^nq-? in (lorara g-gx *S 06*8) Q ptmodino3 jo uoi:jnios b oj, 02 
•piOT oroire:>daqoxo-s-xXq!>3unp-f'>-i£xox^ '[J 

'(H8 *s) WO \m 's) Z.0O 
'(H6 's) £8 0 XH8 'zH 07.=f % 86 0 XH8 AO I '(H8 's) 0T;X XHf^ 'ra) 09'e 

-ore *(HT sf^r es t Xhi sz,'6 p (^hw ooe *^ioao) hwn Hi *no 

ssatjopo *JBap b sb q punodraoQ jo S g'g ^^T^ sauBxaq/ovO^Ii 

%8 Sut^^nia iCqdBj3o;jBuiojqo qsBy iCq pagimd sbm anpisaj 
aip puB onova ui paAomaj bibia sbiv\b\oa B^J^ *q 9X Joj pajo^s ptre 
Oo Se* pauuBM sbai ajn^pqra uopoBaj aif^ puB pappB uaxp sbm (pxmn 

88 *S OT) auiqdsoqdiiCuaqduj, UBap aureaaq uoit^nps aif^ axnp^ iptqM oi 
jaypB unn oe -^oj paMonoj UTUt gx Joj qSnojq^ P^Wq^^R 
•(q X) pamBTuaj uot^mos aq:^ ly^un paiqqtiq sbm SL' ^0^0 
m (xourui 0'88 *3 8*0T) O pnnoduioQ jo uoi;n|OS b iiSnojqj, 

9 

Vf- '9'e- '97i TSl 'VOZ 

'VZZ *0"9Z *6'Te *0*6e *8'ZS 'S'9IT *T*9eT *8'SIZ P 08 **^lOaO) HKN 

Oet 'l^qoops qt^ jo ja^sa s^iaqsoi\[ \^ jo sieXpauB aWN Ht patnoua^ap 
%t6 aq pnnoj sbm ss ox ouaoioit^nBua aqj;, •iio ssapo^CK) *JBap 
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OOZ *N T) HO^N JO uorjnps snoanbB uy onova m pa^Bx^naouoD pire (qxn 
OSI X z) lOH N I stioanbB - \o^\^ snoanbB pat^HJtqBS jo uop^nios x^ua. gg 
pauBBM ajaM sotubSjo pautquioo aqj, '(qxn 08 x 1^) 0^^3 ^^T^ pa:^^BJ:^x^ 
puB (T;ra OOZ) lOH N T snoanbB o;ui pajcnod uaqt» sbm ajn^ui uoirjaBaj 
^HiL (I™ SS) lOH N e snoanbB jo noptppB asiMdojp aif^ paqouanb 
Sutaq ajojaq (q 9) Oo 92 paxitt^s sba^. ajnipqui uoi^^oBaj aqj, 'wui oi 
jaAO asTMdojp pappB sbm (qiu gg) ^HiL ^ (lonnn OT 0'8) A pnnoduio3 oS 
JO nopnioB B ajojaq uixn 08 IT^uoit^tppB ub joj Qo 0 p9-"ps sbai ajn^xiui 
uopoBaj aqx 9'S ^©l^q ajntjBjadraa; pstua^m ub StnupB^^ureui 
iClprgajBo axrqM xiiui 08 ^^^^ asiMdojp (xouixn 08 'l^ 61 'axrexaq 
ui i\[ g-x) nmiq:^niAi^q-w H^I^ pa:^Baj^ puB 'Oo 0 <n P^ioooaj *(x{ i) Oo SZ 
o:^ pauLiBM SBM xaidmoa ampnoxiiCd-auBJoq aiQ, (puiui 08 *T[^ 18 * JUL S2 
m K Q-T) xaiduioD ^HJi-^HS (lounn 08 9'Z) a«TPno-^<I 
^n^i^uanbas paSjBqo sbm 0 ^sb^ raa^t^oq-punoj qra 09S V 

•-(H-H) Z :(.ISa)S]A[ 02 
•+(H+1A[) 06Z K+ISa) SW "Uo ^^n^^ ^F^L b SB (% 88 *S 6'9) J ptmoduioo 
papjoj^ ('lOHO-HO^W % Z 92 x o'f^ '^OTS) iCqdBj3o:>Bniojqo 
qsBij[ 'onova m patjBJt^uaouoa pire *(*OS^M) P^HP Xl™ OOS) 
lO^N snoanbB pat^BJnt^BS q^^iM paqsBM *pamqinoa aiaM st^OBj^jxa onreSio 

eqx '(1^ 001 X 8) ^VO^a ^^I^ paioBj:»xa laxpjnj sbm asBqd snoanbB si 
aq:^ puB pa:^BJBdas ajaM sasBqd oai:^ aqx '(ini OOT) ^VO^a P^ (1™ 001) 
lO^HN snoanbB pa^^Bont^BS o^ui pajnod *(q ^z) Do 0 pQXip^s sbaw ajnjpcrai 
uopoBajL axix (1^ 9) ^sJu (Io^ctoi ot auai^uad-x-oraojq-g 
JO nop^nxos b q^iM pa^Bax^ puB Oo 0 paioooaj Suiaq ajojaq (xmn g) 9Z 
pxiB X^ut gx) Oo 0 'iR T) Oo 2L' P^XIl:^s sbai ajn^jxira uopoBaj *Mona^ 01- 
cjqSuq aqj, imn ox -iQao (qui 08) aHI* ^ (T986 'SZT *^66T '^<>S' '^'^O 
•u/y 70 o'v *sjaiCaj^ *iounu iz 0'9) aprareuoidojd i^q;»aui-j\r 
-(lXxpaiiCuaqd-2-iiCq:^aui-x-iCxojpiCq-2)-^-(2Z'2?) JO uopnios b q^tM astAidojp 
pa^Ba-c^ SBM Oo 8Z1- (T« OZ,) aHiL F^oprppB ut Qounn gg 'qui 9-^3 
• jHjyauazuaqiiCq^ja/aoBt^daq ui uopn^os O Z *^^T^IV) apnnBtiCdojdosnp g 
umtq^q pauuojajd pire (loui 9x 0 *3 6'9) lOH uotsuadsns y 

*dpTumaxia:^daq 

-9-X^q;aunp-(S)-g*|»j-(IiCq;3U3qd-^-lXq;ara-x-iCx^ 'di 
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mL) was added to th residue and the susp nsion was stirr d for 30 min. 
The mixtur was extracted with EtgO (3 x 100 mL) and the combined 
ether layers were washed with a 1:1 solution of saturated aqueous NaCl - 
aqueous 1 N NaOH (2 x 200 mL), dried (Na2S04), and concentrated in 
5 vacuo. Flash chromatography (SiOg, 4.0 x 25 cm, 15-25 % Et^O-pentane 
gradient elution) afforded Compoimd G (1.26 g, 95 %) as a colorless oil. 
[a]^i,.ll(cl2,CH2Cl2). 

H. CS)-2-Methyl-6-heptenaL 

10 A solution of Compound G (0.24 g, 1.9 mmol) in CHgCla (6 mL) 

was treated with pyridinium chlorochromate (0.61 g, 2.8 mmol) and the 
reaction mixture was stirred at 25 for 5 h. The residting dark brown 
viscous slurry was passed through a sihca gel-Celite plug (Celite 1.0 x 1 
cm on top of SiOg, 1.0 x 5 cm, eluting with 50 mL of CHjCla). The solvent 

15 was removed in vacuo to afford crude Compoimd H (0.15 g, 63 %) as a 
colorless oil, which was sufiBciently pure to use in subsequent reactions. 

NMR (300 MHz, CDgCy d 9.62 (s, IH), 5.88-5.68 (m, IH), 5.13-4.92 (m, 
2H), 2.37-2.24 (m, IH), 2.15-2.05 (m, 2H), 1.62-1.78 (m, IH), 1.51-1.32 (m, 
3H),1.07(d,3H,J=7.0Hz). 

20 

L (3S,6R,7S^S)-3-ferf-Butyldimethylsiloxy-4,4,6,8-teti^ 
hydro[sy-5-OKO-12-tridecenoic add. 

To a preformed LDA solution (Aldrich, 2.0 M solution in 
heptane/ethylbenzene/THF, 3.8 mL, 7.6 mmol) in additional THF (25 mL) 

25 at -78 **C was added a solution of Compound E (1.0 g, 3.4 mmol) in THF (5 
mL) dropwise over 3 min. The reaction mixture was stirred at -78 **C (10 
min), warmed to -40 **C (20 min), and recooled to -78 "C before Compound 
H (0.56 g, 4.4 mmol) in THF (5 mL) was added. The reaction mixtxire 
was warmed to -40 **C, stirred for 1 h, and diluted with saturated 

30 aqueous NH^Cl (50 mL). The two layers were separated and the aqueous 
phase was extracted with EtOAc (4 x 50 mL). The combined organic 
layers were washed with saturated aqueous NaCl (100 mL), dried 
(Na2S04), and concentrated in vacuo. Flash chromatography (Si02, 2.5 x 
20 cm, 2-5 % MeOH-CHCla gradient elution) followed by HPLC (YMC S- 

35 10, ODS, 30 X 500 mm column, eluting with MeOH at a flow rate of 20 
mlVmin) separation afforded the desired syn-aldol product Compound I 
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(0,60 g, 43 %) and an iindesired diastereomer (0.32 g, 22 %) along with 
starting Compoiind E (-10%). 

MS (ESD: 879.3 (2M+Nar , 451.2 (M+ Na)* , 429.2 (M+H)* ; MS(ESr): 427.3 
(M-H)\ 

5 Stereochemistry was confirmed by direct comparison of both the ^^C and 
NMRs of the subsequent ester derivative (used in the synthesis of 
Epothilone C) to the same intermediate previously described by KG. 
Nicolaou et ol. Angew. Chem. Int Ed. EngL 1997, 56, 166. 

10 J. (S)-2-[N-[(fe7f-Buiyloay)carbonyl]amino>4-pentenoic add* 

A solution L-2-amino-4-pentenoic acid (NovaBiochem, 3.0 g, 26 
mmol) in THF-HjO (1:1, 200 mL) at 0 was treated sequentially with 
NaHCOg (6.6 g, 78 mmol) and di-tert-butyl dicarbonate (10.4 g, 1.8 mmol). 
The reaction mixttire was warmed to 25 **C and stirred for 16 h. The pH 

15 of the mixture was adjusted to 4 by the careful addition of saturated 

aqueous citric acid at 0 **C, and the mixture was extracted with EtOAc (4 
X 50 mL). The combined organic layers were washed with saturated 
aqueous NaCl (75 mL), dried (Na2S04), and concentrated in vacuo. Flash 
chromatography (SiOg, 4.0 x 6 cm, 5-10 % MeOH-CHClg gradient elution) 

20 afforded Compound J (5.5 g, 99 %) as a colorless oil. MS(ESr): 429.3 (2M- 
H)-, 214.1 (M-H)-. 

K (S)-2-[N®-[(ferf-Butylo3gr)carf>onyl]aniino]-N-me 
penteneamide. 

25 A solution Compound J (2.9 g, 13 mmol) in CHClg (55 mL) at 0 

**C was treated sequentially with jy,0-dimethylhydroxylamine 
hydrochloride (1.4 g, 15 mmol), l-hydroxybenzotriazole (2.0 g, 15 mmol), 
4-methylmorpholine (4.4 mL, 40 mmol), and l-(3-dimethylaminopropyl)- 
3-ethylcarbodiimide hydrochloride (3.4 g, 18 mmol). The reaction 

30 mixture was gradually warmed to 25 °C, stirred for 16 h, and diluted 
with HgO (100 mL). The two layers were separated and the aqueous 
phase was extracted with EtOAc <3 x 75 mL). The combined organic 
phases were washed with aqueous 5 % HCl (100 mL), saturated aqueous 
NaHCOg (100 mL), saturated aqueous NaCl (100 mL), dried (NagSO^), 

35 and concentrated in vacuo. Flash chromatography (SiOg, 3,0 x 20 cm, 25- 
50 % EtOAc-hexan gradient elution) afforded Compound K (2.5 g, 71%) 
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as a colorless oil MS (ESD: 258.9 (M+H)*, 202.9 (M-isobutylene), 158.9 
(M-BOC); MS(ESr): 257.2 (M-H)'. 

L. (S)-3-[N4(ferf*Butyloxy)carbonyl]ammo]^hexen- 

5 A solution of Compound K (2.5 g, 1.0 mmol) in THF (65 mL) at 0 

**C was treated with methylmagnesium bromide (3.0 M in EtjO, 8.1 mL, 
2.4 mmol). The reaction mixture was stirred at 0 **C (2.5 h) and carefidly 
poured into saturated aqueous NH4CI (100 mL). The two layers were 
separated and the aqueous phase was extracted with EtOAc (3 x 75 mL). 

10 The combined organic extracts were washed with saturated aqueous 
NH4CI (75 mL), H2O (75 mL), saturated aqueous NaCl (75 mL), dried 
(MgS04), and concentrated in vacuo. Flash chromatography (Si02, 3.0 x 
20 cm, 10-25 % EtOAc-hexane gradient elution) afforded (Sy2-\N-[itert' 
Butyloxy)carbonyl]amino]"5-hexene-2-one (2.2 g, 67%) as a colorless oil. 

15 MS (ESD: 213.9 (M+H)*, 157.9 (M-isobutylene), 113.9 (M-BOC); MS(ESr): 
212.2 (M-H)\ 

M. (S)-4-[3-[N4(ferf.Butyloxy)carbonyl]amino].2-methyl-l(E)^ 
hexadieD3i]-2-meth3dthiazole. 

20 A solution of 2-methyl-4-thia2olylmethyl diphenylphosphine 

oxide (2.5 g, 8.0 mmol, Danishefsky et aL J. Org. Chem. 1996, 61, 7998) 
in THF (38 mL) at -78 "C was treated with n-butyllithium (1.6 M in 
hexane, 5.2 mL, 8.4 mmol) dropwise over 5 min. The resulting brilliant 
orange mixture was stirred for 15 min at -78 **C, and treated with a 

25 solution of Compoimd L (0.81 g, 3.8 mmol) in THF (5 mL). After 10 min 
at-78°C, the cooling bath was removed and the reaction mixture was 
allowed to warm to 25 ^'C (2 h). The mixture was poured into saturated 
aqueous NH4CI (50 mL) and the two layers were separated. The aqueous 
phase was extracted with EtjO (3 x 50 mL) and the combined organic 

30 extracts were washed successively with HgO (75 mL), sattirated aqueous 
NaHCOa (75 mL), saturated aqueous NaCl (75 mL), dried (Na^SO^X and 
concentrated in vacuo. Flash chromatography (Si02, 4.0 x 30 cm, 10-20 
% EtOAc-hexane gradient elution) afforded Compound M (0.23 g, 18%) 
as a colorless oil along with recovered starting ketone (20-30%). MS 

35 (ESD: 309.1 (M+H)*, 253.0 (M-isobutylene); MS(ESr): 307.3 (M-HV. 
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N. (S)-4-(3-Ammo-2-methyl-l(E),5-hemdienyl)-2-methylt^ 

Compoxind M (0.15 g, 0.49 mmol) was treated with 4.0 N HCl in 
1,4-dioxane (5 mL) at 0 °C (30 min) under Ar. The volatiles were 
removed in vacuOy and the resulting white foam was dissolved in cold 
5 saturated aqueous NaHCOg (3 mL). The solution was extracted with 
EtOAc (4 X 10 mL), and the combined EtOAc layers were dried (Na2S04) 
and concentrated in vacuo. Flash chromatography (SiOg, 1.0 x 5 cm, 5-10 
% MeOH-CHClg gradient elution) afforded Compound N (88 mg, 88 %) 
as a colorless oil. MS (ESF): 209.0 (M+H)*; MSCESI ): 207.2 (M-H) . 

10 

O. (3S,6R,7S^)-N-(S)-[l.(2-Methyl-4-thiazoIyl).2.methyl-l(E)^ 

hexadien-d-yl]-3-ferf-butyldimethyIsilosy-4^4y6^tetramet^ 

5-o3a>-12-trtdeceneamide. 

A solution of Compound M (88 mg, 0.42 mmol) in DMF (1.3 mL) 
15 at 0**C was treated sequentially with Compound I (0.15 g, 0.35 mmol), 1- 
hydroxybenzotriazole (49 mg, 0.36 mmol), and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.10 g, 0.52 
mmol). The reaction mixture was gradually warmed to 25 ^'C, stirred for 
15 h, and diluted with H2O (3 mL). The mixture was extracted with 
20 EtOAc (3 X 10 mL), an the combined organic phases were washed with 
aqueous 5 % HCl (10 mL), satttrated aqueous NaHCOg (10 mL), saturated 
aqueous NaCl (10 mL), dried (Na2S04), and concentrated in vacuo. Flash 
chromatography (SiOg, 1.5 x 20 cm, 2.5 % MeOH-CHClg) afforded 
Compound O (0.17 g, 77 %) as a white foam. MS (ESF): 619.3 (M+H)*. 

25 

P. [4S.[4R*7S%8R*,9R* 15R*(E)]]^*erf-Butyldimethylsilo!x^ 

5,597,9-tetiwiethyl-16-[l-methyl-2-(2-methyl-4-tMazolyl)ethe^^^ 

13(E)-cyclohexadecene-2,6-dione. 

A solution of Compound 0(17 mg, 27 mmol) in degassed 

30 benzene (8.0 mL) was treated with GrubVs catalyst [bis(tricyclohexyl- 
phosphine)benzylidine ruthenixun dichloride, Strem Chemicals, 11 mg, 
14 mmol) under Ar. The reaction mixture was stirred at 25 **C for 15 h 
and treated again with an additional portion of catalyst (5.0 mg, 4.5 
mmol). After 7 additional hours, the benzene was removed in vacuo, 

35 and the black viscous residue was passed through a pad of silica gel (1.0 
X 3 cm) eluting with EtjO (25 mL). The eluent was concentrated in vacuo 
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to afford a separable 5:1 (E/Z) mixture of geometric isomers. PTLC (SiOg, 
1 mm plate, 2 elutions with a 1:1:1 solution of hexane-toluene- thyl 
acetate) afforded the S-isomer Compound P (5.1 mg, 34 %) and the 
corresponding Z-isomer (1.0 mg, 6.7 %). For Compound P: MS (ESP): 
5 1181.7 (2M+H)*, 591.4 (M+Hr. For the Z-isomer: MS (ESP): 1181.5 
(2M+H)*, 613.2 (M+Na)*, 591.2 (M+H)*; MS 
(ESD: 589.3 (M-H)-. 

Q. [4S-[4R* 7S*, 8R♦,9R^15R*(E)]]^,8-Dihyd^oxy-5A7,9-tetramet^ 
10 [l.metliyl-2-(2-methyl-4-thiazolyI)ethen3dH^aza-13(E)H7(d^ 
2,6-dione. 

To a 1 dram vial charged with Compound P (2.3 mg, 3.9 mmol) 
in CH2CI2 (0.4 mL) at 0 **C was added trifluoroacetic acid (0.1 mL). The 
reaction mixture was sealed under a blanket of Ar and stirred at 0 **C. 

15 After 4 h, the volatiles were removed under a constant stream of Ar at 0 
**C. Saturated aqueous NaHCOg (1 mL) and EtOAc (1 mL) were added to 
the residue and the two layers were separated. The aqueous phase was 
extracted with EtOAc (4x1 mL), and the combined EtOAc layers were 
dried (Na2S04) and concentrated in vacuo. PTLC (SiOg, 20 x 10 x 0.025 

20 cm, eluting with 5 % MeOH-CHClg) afforded [4S- 

[4R*,7S*,8S*,9R*,15R*(E)]]-4,8-dihydroxy-5,5,7, 9-tetramethyl-16-ll. 
methyl-2-(2-methyl- 4-thia2olyl)ethenyl] -l-aza-13(E)-cyclohexadecene-2,6- 
dione (1.3 mg, 68 %) as a white film. MS (ESP): 953.5 (2M+H)*, 477.3 
(M+H)*; MS (ESD: 475.5 (M-H)*. 

25 

The following compounds can be made following the reaction 
schemes previously disclosed: 

[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12,16- 
30 pentamethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,13,17- 
trioxabicyclo[14.1.0]heptadecane-5,9-dione; 

[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
tetramethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,13,17- 
35 trioxabicyclo[14. 1.01heptadecane-5,9-dione; 
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[4S-l4R*,7S*,8R*,9R*,15R*(E)l]-4,8-Dihydroxy-5,5,7,9,13-pentamethyl-16- 
ll-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l,10-dioxa-13- 
cyclohexadecene-2,6-dione; 

5 [4S-[4R*,7S*,8R*,9R*A5R*(E)]]-4,8-r>ihydn>xy.5,5J,9-tetramethyl-16-[l- 
methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l,10-dioxa-13-cyclohexadecene- 
2,6-dioiie; 

llS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]l-7,ll-Dihydroxy-8,8,10,12,16- 
10 pentaiiiethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4,14,17- 
trioxabiQrclo[14.1.0]heptadecane-5,9-dione;] 

llS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
tetrainethyl-3-[l-inethyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4,14,17- 
15 trioxabicycloll4.1.0]heptadecane-5,9-dione; 

[4S-I4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Diliydroxy-5,5,7,9,13-pentamethyl-16- 

[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-l,ll-dioxa-13- 

cy clohexadecene-2 ,6-dione ; 

20 

[4S-[4R*,7S*,8R*,9R*,15R*(E)l]-4,8-Dihydroxy-5,5,7,9-teixainethyl-16-[l- 
methyl-2-(2-methyl-4-thiazolyl)ethenyl]-l,ll-dioxa-13-cyclohexadecene- 

2,6-dione; 

25 [lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]l-7,ll-Dihydroxy-8,8,10,12,16- 
pentamethyl-3-[l-inethyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,17- 
dioxabicycloI14.1.0]heptadecane-9-one; 

lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
30 tetramethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4,17- 
dioxabicyclo[14.1.0]heptadecane-9-one; 

[lS-[lR*,3R*(E),7R*,10S*,llR*.12R*,16S*]]-7,ll-Dihydroxy-3,8,8,10,12,16- 
hexamethyl-3-[l-inethyl-2-(2-inethyl-4-thiazolyl)ethenyl]-4,17- 
35 dioxabicyclo[14.1.0]beptadecane-5,9-dione; 
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[lS-IlR*,3R*(E),7R*,10S*aiR*a2R*a6S*]]-7Al-Dihydroxy-3,8,8,10,12- 
pentainethyl-3-[l-methyl-2-(2-methyl- 4-thia2olyl)ethenyl]-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

5 [4S-[4R*JS*,8R*,9R*a5R*(E)]]-4,8-Dihydroxy-5,5J,9,13a6-^^ 

16-[l-methyl-2-(2-inethyl- 4-thiazolyl)ethenyl]-l-oxa-13-cyclohexadecene- 
2,6-(lione; 

[4S.[4R*JS*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5J,9,16-pentamei^^^ 
10 [l-methyl-2-(2-methyl- 4-thiazolyl)ethenyll-l-oxa-13-cyclohexadecene-2,6- 
dione; 

[lS-llR*,3R*(E)JR*,10S*AlR*,12R*,16S*]]-7Al-Dihydroxy-6,8,8aoa2 
hexamethyl-341-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,17- 
15 dioxabicyclo(14.1.0]heptadecane-5,9-dione; 

[lS.[lR*,3R*(E),7R*,10S*,llR*,12R*a6S*]]-7,ll.Dihydroxy-6,8,8,^ 
pentainethyl-3-[l-methyl-2-(2-inethyl- 4-thiazolyl)ethenyl]-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

20 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 9-tetramethyl-16-[l- 
inethyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l-a2a-13-cyclohexadecene-2,6- 
dione; 

25 [lS-[lR*,3R*(E),7R*,10S*aiR*,12R*a6S*]]-7ai-Dihydroxy-4,8,8aoa2,16- 
hexamethyl-3-[l-inethyl-2-(2-methyl- 4-thiazolyl)ethenyll-4-aza-17- 
oxabicyclo[14.1,0]heptadecEine-5,9-dione;] 

[lS-[lR*,3R*(E)JR*,10S*,llR*,12R*,16S*l].7,ll-Dihydroxy-4,8,8,10,12- 
30 pentainethyl-3- [l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4-aza-17- 
oxabicyclo[14.1,0]heptadecane-5,9-dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]].4,8-Dihydroxy-l,5,5,7, 9,13-hexamethyl- 
16-[l-methyl-2-(2-inethyl- 4-thiazolyl)ethenyll-^l-aza-13-cyclohexadecene- 
35 2,6-dione; 
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[4S-[4R*,7S*,8R*,9R*,15R*(E)]]^,8.Dihydroxy.l,5,5,7, 9-pentaniethyH6- 
[l-inethyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l-aza-13-cyclohexadecene-2,6- 
dione; 

5 [lS-[lR*,3R*(E)JR*,10S*,llR*,12R*46S*]]-7,ll-Dihydroxy-8,8a0^ 

pentainethyl-3-[l-inethyl-2-(2-methyl- 4-thia2olyl)ethenyl]-13-aza-4,17- 
dioxabicyclo [14. 1 .0]heptadecane-5 ,9-dione; 

[lS-[lR*,3R*(E),7R*40S*,llR*42R*,16S*]]-741-Dmydroxy-8,8,10,12- 
10 tetramethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-13-aza-4,^ 
dioxabicyclo[14,1.0]heptadecane-5,9-dione; 

[4S-[4R*JS*,8R*,9R*45R*(E)]]-4,8-Dihydroxy-5,5J,9a3-pentameth^^ 
[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-10-aza-l-oxa-13- 
15 cyclohexadecene-2,6-dione; 

[4S-[4R*JS*,8R*,9R*a5R*(E)]]-4,8-Dihydroxy-5,5J,9-tetramethyl-16-^ 
methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-10-aza-l-oxa-13- 
cyclohexadecene-2 ,6-dione ; 

20 

[lS-[lR*,3R*(E),7R*,10S*,llR*A2R*,16S*]]-7Al-Dihydro3Qr-^ 
pentamethyl-3- [l-inethyl"2-(2-methyl- 4-thiazolyl)ethenyl]-14-aza-4, 17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

25 [lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
tetrainethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-14-aza-4,17- 
dioxabicyclo[14. 1.0]heptadecane-5,9-dione; 

[4S44R*,7S*,8R*,9R*45R*(E)]]-4,8-Dihydroxy-5,5,7,9a3-pen1^et^^^ 
30 [l-inethyl-2-(2-methyl-4-thiazolyl)ethenyl]-ll-aza-l-oxa-13- 
cy clohexadecene-2 , 6-dione ; 

[4S-[4R*,7S*,8R*,9R*45R*(E)]].4,8-Dihydroxy-5,5J,9-tetrameA^^^ 
methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-ll-aza-l-oxa-13- 
35 cyclohexadecen -2,6-dione; 
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[1S-[1R*,3R ,7R*,10S*,11R*,12R*,16S*]]-N-Phenyl.7,ll^ydroxy- 

83jl0>12,16-pentamethyl-5,9-dioxo-4,17-dioxabicycloll4.1.0]heptadecane- 

3-carboxamide; 

5 [lS-IlR*,3R*,7R*,10S*llR*,12R*,16S*]]-N-Phenyl-7ai-dihydro 

8,8,10,12-tetramethyl-5,9-dioxo-4,17-dioxabicyclo[14.1.0]heptadecane-3- 
carboxamide; 

[4S-[4R*,7S*,8R*,9R*,15R*]]-N-PhenyM,8-dihydroxy-5,5,7,9,13- 
10 pentainethyl-2,6-dioxo-l-oxa-13"Cyclohexadecene-16-carboxamide; 

[4S44R*JS*,8R*,9R*45R*]]-N-PhenyM,8-dihydroxy-5,5J,9-tetramet^^^ 
2,6-dioxo-l-oxa-13-cyclohexadecene-16-carboxainide. 

15 [lS41R*,3R*(E),7R*a0S*aiR*,12R*,16S*]l-7,ll-Dihydroxy"8,8,10,12,16- 
pentainethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)cyclopropyl]-4,17- 
dioxabicyclo[14. 1.0]heptadecane-5,9-dione. 

[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
20 tetramethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)cyclopropyl]-4,17- 
dioxabicyclo[14.1,0]heptadecane-5,9-dione. 



25 



30 



-47- 



wo 99/02514 



PCT/US98/12550 



Example 3 




5 [lS-IlR*,3R*(E),7R*,10S*llR*,12R*,16S*]]-7,ll-Dihydroxy- 
8,84042A6-pentamethyl-3-[l-methyl-2-(2-methyl-4- 
thiazolyl)ethenyl]-4-aza-17-oxabicyclo[14.1.0]heptadecane-5,9-dione. 

A.(3S,6R,7S,8S,12R,13S,15S)-15-Azido-12,13-epoxy- 
4,4,6,8,12,16-hexamethyl-7-hydroxy-17-(2-methyl-4-thiazolyl)^^ 

10 16-heptadecenoic acid. 

A solution of epothilone B (0.35 g, 0.69 mmol) in degassed THF (4.5 mL) 
was treated with a cataljrtic amount (80 mg, 69 mmol) of 
tetrakis(triphenylphospliine) palladium (0) and the suspension was 
stirred at 25 ^C, under Ar for 30 min. The resulting bright yellow, 

15 homogeneous solution was treated all at once with a solution of sodium 
azide (54 mg, 0.83 mmol) in degassed H2O (2.2 mL). The reaction mixture 
was warmed to 45 *>C for 1 h, diluted with H2O <5 mL) and extracted with 
EtOAc (4 X 7 mL). The organic extracts were washed with saturated 
aqueous NaCl (15 mL), dried (Na2S04), and concentrated in vacuo. The 

20 residue was purified by flash chromatography (Si02, 3.0 x 15 cm, 95:5.0:0.5 
CHCla-MeOH-AcOH) to afford Compound A (0.23 g, 61 %) as a colorless 
oil. MS (ESP): 551 (M+H)^; MS(ESr): 549 (M-H)-. 
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B. (3S,6R,7S,8S,12R,13S,15S)-15-Amino-12,13-epoxy- 
4,4,6,84246-hexamethyl-7-hydroxy-17-(2-methyl-4-thia2olyl)-5-oxo- 
16-heptadecenoic acid. 

A solution of Compound A (0.23 g, 0.42 mmol) in THF (4.0 mL) was 
5 treated with H2O (23 mL, 1.25 mmol) and polymer supported 

triphenylphosphine (Aldrich, polystyrene cross-linked with 2 % DVB, 0.28 

g, 0.84 mmol) at 25 ^C. The resulting suspension was stirred at 25 

under Ar (32 h), filtered through a CeUte pad and concentrated in vacuo. 

The residue was purified by flash chromatography (Si02, 1.5 x 10 cm, 
10 95:5.0:0.5 to 90:10:1.0 CHCla-MeOH-AcOH gradient elution) to afford 

Compound B (96 mg, 44 %) as a colorless oil. MS (ESI+): 525.2 (M+H)+; 

MS(ESr): 523.4 (M-H)-. 

Alternatively, to a 25 mL roimd-bottom flask charged with 

Compound A (0.26 g, 0.47 mmol) and Pt02 (0.13 g, 50 wt %) was added 
15 absolute EtOH under Ar. The resxilting black mixtiure was stirred imder 

one atmosphere of H2 for 10 h, after which time the system was purged 

with N2 and an additional portion of Pt02 (65 mg, 25 wt %) was added. 

Once again the reaction mixture was stirred under a blanket of H2 for 10 h. 

The system was then purged with N2, and the reaction mixture was filtered 
20 through a CeUte pad eluting with CH2CI2 (3 x 25 mL). The solvents were 

removed in vacuo and the residue was pxxrified as described above to afford 

Compound B (0.19 g, 75 %). 

Alternatively, a solution of Compoxmd A (20 mg, 36 mmol) in THF 

(0.4 mL) was treated with triphenylphosphine (19 mg, 73 mmol) imder Ar. 
25 The reaction mixture was warmed to 45 «>C, stirred for 14 h and cooled to 

25 **C. The resulting iminophosphorane was treated with ammonixmi 

hydroxide (28 %, 0.1 mL) and once again the reaction mixture was warmed 
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to 45 "C. After 4 h, the volatiles were removed in vacuo and the residue 
was purified as described above to afford Compound B (13 mg, 70 %). 

C. [lS-IlR*,3R*(E),7R*,10S*,llRM2RM6S*l]-7,ll-Dihydroxy- 

5 8,8,10,12,16-pentamethyl-3-Il-methyl-2-(2-methyl-4- 

thiazolyl)ethenyl]-4-aza-17-oxabicyclo[14.1.0]heptadecane-5,9-cIione. 
A solution of Compound B (0.33 g, 0.63 mmol) in degassed DMF (250 mL) 
was treated with solid NaHCOa (0.42 g, 5.0 mmol) and diphenylposphoryl 
azide (0.54 mL, 2.5 mmol) at 0°C under Ar. The resulting suspension was 

10 stirred at 4 «>C for 24 h, diluted with phosphate buffer (250 mL, pH=7) at 
0"C and extracted with EtOAc (5 x 100 mL), The organic extracts were 
washed with 10% aqueous liCl (2 x 125 mL), dried (Na2S04) and 
concentrated in vacuo. The residue was first purified by flash 
chromatography (SiOz, 2.0 x 10 cm, 2-5 % MeOH-CHCla gradient elution) 

15 and then repurified using a Chromatotron (2 mm Si02. GF rotor, 2-5% 

MeOH-CHCla gradient elution) to afford the title compound (0.13 g, 40%) 
as a colorless oil: NMR (CDCls, 400 MHz) 5 6.98 (s, 1 H), 6.71 (d, IH, 
NH, J= 8.1 Hz), 6.56 (s, 1 H), 4.69-4.62 (m, 1 H), 4.18-4.12 (m, 1 H), 4.01- 
3.96 (m, 1 H), 3.86 (s, 1 H), 3.38-3.34 (m, 1 H), 2.82 (dd, 1 H, J= 5.6, 6.0 

20 Hz), 2.71 (s, 3 H), 2.58 (s, 1 H), 2.43 (dd, 1 H, J= 9.0, 14.5 Hz), 3.34 (dd, 1 
H, J= 3.0, 14.5 Hz), 2.14 (s, 3 H), 2.05-1.92 (m, 2 H), 1.82-1.41 (a series of 
multiplets, 7 H), 1.35 (s, 3 H). 1.28 (s, 3 H), 1.18 (d, 3 H, J= 6.8 Hz), 1.14 
(s, 3 H), 1.00 (d, 3 H, J = 6.8 Hz); MS (ESP): 507.2 (M+H)+; MS(ESr): 505.4 
(M-H)-. 

25 
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Exampl 4 



10 



15 



20 



Process for reduction of oxirane ring of epothilone and epothilone 
analogs. 

To a two-necked flask was added chopped pieces of magnesixun turnings 
(24 mg, 1.0 mmol). The flask was flame-dried under vacuum and cooled 
under argon. Bis(cyclopentadienyl)titanium dichloride (250 mg, 1.0 mmol) 
was added followed by anhydrous THF (5 mL). The stirring suspension 
was evacuated with low vacuum, and the reaction flask was refilled with 
argon. The red suspension became dark, turning a homogeneous deep 
green after 1.5h with nearly all the magnesiiun metal being consumed. An 
aliquot (3.5 mL, 0.70 mmol, 3.5 eq) was removed and cooled to -78 **C 
under argon. To this solution was added epothilone A (99 mg, 0.20 mmol, 
1,0 eq). The reaction mixture was warmed to room temperature and 
stirred for 15 min. The volatiles were removed in vacuo and the residue 
was chromatographed two times on silica (25g), eluting with 35% 
EtOAc/hexanes to give 76 mg (80%) of epothilone C as a pale yellow viscous 
oil. 



[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Diliydroxy-8,8,10,12- 
tetramethyl-3.[l-methyl-2.(2-methyl- 4-thiazolyl)ethenyl]-4-aza-17- 
oxabicyclo[14.1.0]heptadecane-5y9-dione. 




O OH O 
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A. (3S,6R,7S3S,12R,13S,15S)-15-Azido-3,7^dihydroxy.^^ 
4,4,6,8,16-pentainethyH7-(2-m thyl-4-thiazolyl)-5-oxo-16(E)- 
heptadecenoic acid. 

Tetrakis(triphenylphosphine)palladium(0) (1.17g, 1.01 nunol, 0.10 eq) 
5 was added to a solution of epothilone A (4.97g, 10,1 mmol, 1.0 eq) in 
degassed THF (100 ml) at room temperature and was stirred for 30 
minutes under argon. Sodium azide (0.980g, 15.1 mmol, 1.5 eq) was 
added to the above reaction mixture followed by the addition of degassed 
water (10 ml). The reaction mixture was heated to 45 ^'C for one hour, 
10 cooled to room temperature, diluted with ethyl acetate (300 ml) and 
further diluted with water (150 ml). The aqueous layer was extracted 
with ethyl acetate (3x100 ml). The combined organic extracts were 
washed with brine (150 ml), dried (sodium sulfate), filtered and 
concentrated imder vacuum. The oily residue was purified by flash 
15 siUca gel chromatography (eluting 0-5% methanol/chloroform with 0.1% 
of acetic acid) to afford Compoxmd A (1.84g, 34.0% yield) as glassy soUd. 
MS (ESr): 537 (M+H)* ; MS (ESI ): 535 (M-H)' 

B. (3S,6R,7S,8S42R,13S,15S)-15-Amino-3,7-dihydroxy-12,13-epoxy. 
20 4,4,6A16-pentamethyl-17-(2-methyl-4-thiazolyl)-6H>xo-16^^ 

heptadecenoic acid. 

Platinxmi oxide (0.980g, 4.30 mmol, 1.25 eq) was added to a solution of 
Compound A (1.85g, 3.44 mmol, 1.0 eq) in absolute ethanol (137 ml). The 
reaction mixture was stirred vigorously imder a hydrogen balloon for 16 

25 hours at room temperature. The reaction mixtxire was filtered and the 
filtrate was concentrated xmder vacuvun. The oily residue was purified 
by preparative HPLC (YMC S-15 ODS 50x500 mm column, 45 
minutes/gradient, 0-100% B, 50 ml/min, retention time=17 minutes, A= 
0.1% acetic acid /5% acetonitrile 795% water, B= 0.1% acetic acid 75% 

30 water 795% acetonitrile). The appropriate Abactions were concentrated 
imder vacuum and the residue was lyophilized firom aqueous 
acetonitril to afford Compound B (1.33g, 76.0% yield) as a colorless 
solid. 
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MS (ESD: 511(M+Hr ; MS (EST): 509 (M-H)" 

C. IlS-[lR*,3R*(E),7R♦,10S*4lR*,12R^16S♦]]-7,ll-Dihydroxy. 
8,8,10,12-tetrainethyl-3-[l-methyl-2-(2-methyl- 4-ihiazolyl)eihenyl]-4^aza- 
5 17-oxabipyclo[14.1.0]heptadecaiie^9&dioiie. 

Compound Compound B (0.860g, 1.68mmol, 1.0 eq) was dissolved in 
anhydrotis DMF (0.00250M, 672 ml) and degassed for one hour at room 
temperature. The solution was cooled to 0 ^'C, and anhydrous sodium 
bicarbonate (1.13g, 13.4 mmol, 4.0 eq) and diphenylphosphoryl azide 
10 (1.85g, 6.72 mmol, 8.0 eq)were added under argon. The reaction mixture 
was kept at 4°C under argon and stirred 16 hours. The reaction mixture 
was then cooled to 

-60^C, £ind pH 7 phosphate buffer (400 ml) was added slowly to quench 
the reaction. Temperature was kept below -30 °C. The above mixture 

15 was allowed to warm to room temperature slowly and extracted with 
ethyl acetate (1 liter). The aqueous layer was washed with ethyl acetate 
(4x300 ml). The organic extracts were combined, washed with 10% liCl 
(500 ml), dried (sodium sulfate), filtered and concentrated under 
vacuum. The oily residue was purified by preparative HPLC (YMC S-15 

20 ODS 50x500 tptti colxmm, 45 minutes/gradient, 0-100% B, 50 ml/min, 
retention time=35 minutes, A= 5% acetonitrile /95% water, B=5% water 
795% acetonitrile). The appropriate jfractions were concentrated under 
vacuum and the residue was lyophiUzed from aqueous acetonitrile to 
afford title compoimd (0.220g, 26.0% yield) as a colorless solid. 

25 MS (ESD: 493 (M+H)* ; MS (ESD: 491 (M-H)' 



30 
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Example 6 
Hr 

O OH O 

5 [4S44R%7S*^R*,9R*45R*(E)]]-4,8-Dihydix>xy-5A7A 
[l-methyl-2-(2-methyl-4-tWazolyl)ethenyl]-l-aza-13^ 

2y6-dio]ie. 

Tvmgsten hexachloride (0,19 g, 0.49 mmol, 0.5 equiv) was dissolved in 
THF (5.0 ml) and the solution was cooled to -78°C. n-Butyllithium in 

10 hexane (1.6M, 0.63 ml, 1.0 mmol, 1.0 eqniv) was added in one portion and 
the reaction mixture was allowed to warm to room temperature over 20 
minutes (the solution turned dark green upon warming to rt). A O.IM 
solution of the prepared txmgsten reagent (0.79 ml, 0.079 mmol, 2.0 
mmol) was added to Compound 4C (0.020 g, 0.039 mmol, 1.0 equiv) at 

15 room temperature. The reaction mixture was stirred a room 

temperature for 30 minutes and then was quenched with saturated 
NaHCOg (2.0 ml). The quenched solution was diluted with water (10 ml) 
and the solution was extracted with CHgClg (4X20 ml). The combined 
organic extracts were dried (Na2S04), filtered and concentrated under 

20 vacuum. The inorganics were removed by passing the residue through 
a silica gel plug (eluting with 19/1 CHCI3 / MeOH). The eluent was 
concentrated under vacutun. The residue was ptirified by phplc (YMC- 
S5 ODS, 30-100% B, 5% aq CH3CN, B=95% aqueous CH3CN, 3 
ml/min., 220 nm., 30 min. gradient) and the appropriate fractions were 

25 concentrated under vacuum. The sticky solid was lyophilized from 
aqueous acetonitrile to afford title compound (4.3 mg, 29%) as a white 
solid. TLC:Rf=0.57 (9/1 CHC13 / MeOH, visualization by UV); HRMS: 
(M+H)+ calc = 491.29436, found = 491.2934 
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Example? 




O OH O 



5 [lS41R*,3R*(E),m*40S*,llR*,12R*,16S*]]-7,ll.Dmydroxy-8,8,10,12,16. 
pentamethyl-3«[l-methyl-2-(2-hydroxymet^ 
17-oxabicyclo[14.1.0]heptadecane-5,9-dione. 




O OH O 



10 A- [lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]].7,ll-Dihydroxy- 

8A10A2,16-pentamethyl-3-[l-methyl-2-(2-methyl*4-tU 
447-dioxabipyclo[14.1.0]heptadecane-5,9-dioney iV-oxide. 
A solution of epothilone B (2.0 g, 3.9 mmol) in CHgCla (30 mL) was treated 
with 3-chloroperoxybenzoic acid (1.0 g, 5.9 mmol) at 25 **C, imder Ar for 2 

15 h. An additional 0.5 g (3.0 mmol) of 3-chloroperoxybenzoic acid was 
added and the reaction mixture was then stirred for 2 h. The reaction 
mixtxnre was filtered and the filtrate was concentrated in vacuo. The 
residue was dissolved in EtOAc (100 mL), washed with satiu'ated 
aqueous NaHCOg (75 mL), 5 % aqueous NagSOg (75 mL), HgO (75 mL), 

20 dried (NagSO^) and concentrated in vacuo. The residue was purified by 
flash chromatography (SiOg, 4.5 x 30 cm, 2-10 % MeOH-CHClg gradient 
elution) to afford Compound A (1.04 g, 50 %) as a white solid. MS (ESD: 
524.3 (M+H)"; MS (ESD: 522.5 (M-H)". 
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O 



Me 



HO 




O OH O 



10 



15 



20 



B. [lS-[lR*^R*(E),7R*,10S*,llR*,12R*,16S*]l-7,ll.DiIiydroxy- 
83,104246-pentametliyl-^[i-metliyl-2-(2-hydxoxyineth3d<4> 
thiazolyl)eiheiiy]]-4»17-dioxabi(^lo[14.1.0]heptadecane^,9-di 
[Epothilone F]. To a solution of compound A (0.46 g, 0.88 nunol) in 
CHjCl, (10 mL) in a resealable tube was added 2,6-lutidine (0.82 mL, 7.0 
mmol) and trifluoroacetic anhydride (0.87 mL, 6.2 mmol) imder Ar. The 
reaction vessel was sealed under Ar, heated to 75 "C (12 min), cooled to 25 
'C, and the volatiles were removed imder a steady stream of Nj. The 
reaction tube was then placed on a high vacuum pump for 15 min. The 
resulting residue was dissolved in MeOH (10 mL) and treated with 
ammoniimti hydroxide (28-30% NH4 in HgO, 1.0 mL). The mixture was 
heated to 45 **C (10 min), and the volatiles were removed in vacuo. The 
crude reaction mixture was purified by HPLC (YMC S-15 ODS 30 x 500 
mm colimm, 50 % acetonitrile-HgO isocratic conditions, flow rate = 20 
mL/min, retention time = 28 min). The appropriate fi-actions were 
concentrated imder vacuum and the residue was lyophilized firom 



aqueous acetonitrile to afiford Compound B (0.22 g, 48 %) as a white soUd. 
MS (ESD: 524,3 (M+H)*, 1047,6 (2M+H)*; MS (ESF): 522.5 (M-H)". 



C.(3S,6R,7S,8Sa2R,13Sa5S).15.Azido-3,7.I>ihydroxy.l2,13-epoxy. 
4,4,6A12,16-hexamethyl.l7-(2.hydroxymethyl-4-thiazolyl)-^ 
heptadec noic acid. A solution of Compoimd B (0.18 g, 0.34 mmol) in 
degassed THF (3.0 mL) was treated with a catalytic amoxmt (40 mg, 3.4 x 




OH O 
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10'^ mmol) of tetrakis(triphenylphosphine) palladiiim(O) and the 
suspension was stirred at 25 **C, under Ar for 30 min. The resulting 
bright yellow, homogeneous solution was treated all at once with a 
solution of sodium azide (27 mg, 0.41 mmol) in degassed H2O (1.5 mL). 

5 The reaction mixture was warmed to 45 ''C for 1 h, diluted with H2O (5 
mL) and extracted with EtOAc (4 x 10 mL). The organic extracts were 
washed with satvirated aqueous NaCl (15 mL), dried (Na2S04), and 
concentrated in vacuo. The residue was purified by flash 
chromatography (SiOg, 2.5 x 15 cm, 95:5 CHClg-MeOH to 95:5.0:0,5 

10 CHClg-MeOH-AcOH gradient elution) to afford Compound C (39 mg, 20 
%) as a colorless oil. MS (ESD: 567.4 (M+H)*, 1133.6 (2M+H)*; MS (ESD: 
565.5 (M-H)-, 1131.8 (2M-H)-. 




15 D. (3S,6R,7S,8S,12R^13S,15S)-15.Anuno-3,7-dihydroxy-12,13-epoxy. 

4,4 A8,12,16-hexamethyl-17-(2-hydroxymethyl-4-thiazolyl)-5K>xo-16 
heptadecenoic acid* To a 10 mL roimd-bottom flask charged with 
compound C (40 mg, 71 mmol) and PtOg (12 mg, 30 wt %) was added 
absolute EtOH (3 mL) xmder Ar. The resulting black mixture was 

20 stirred vmder one atmosphere of for 10 h. The system was then 

purged with and the reaction mixture was filtered through a nylon 
membrane (washing with 25 mL of MeOH). The solvents were removed 
in vacuo to afford Compound D (29 mg, 76 %) as a foam, which was 
sufficiently piu-e to use in the next step. LCMS: 641.3 (M+H)*. 
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E. [lS-[lR*,3R*(E),m%10S*,llR*,12R*16S*]l-7,ll.Dihydroxy- 
8A1042,16-pentamethyM-[l-methyl-2-(2-hydroxy^ 
thiazolyl)ethenyl]-4-aza-17Ki2cabicyclo[14.1.0]hept^^ 

5 A solution of compound D (29 mg, 54 mmol) in degassed DMF (21 mL) 
was treated with solid NaHCOg (36 mg, 0.43 mmol) and 
diphenylphosphoiyl azide (46 mL, 0.21 mmol) at 0 °C under Ar. The 
resulting suspension was stirred at 4 for 19 h, cooled to -40 **C, diluted 
with 25 mL of pH 7 phosphate buffer (carefully adding such that the 

10 internal temperature remains below -30 **C), and extracted with EtOAc (4 
X 10 mL). The organic extracts were washed with cold 10 % aqueous 
LiCl (25 mL), dried (Na2S04) and concentrated in vacuo. The residue 
was purified using a chromatotron (1 mm SiOj GF rotor, 2-5 % MeOH- 
CHClg gradient elution) to afford the title Compound E (9.1 mg, 34 %) as 

15 a colorless oil. MS (ESF): 523.2 (M+H)^ MS (ESI ): 521.5 (M-H)'. 



Examples 




O OH O 



[4S.[4R^7S^8R*,9R^15R*(E)]]^,8.Dihydroxy^,5,7A13-pentamethy^l6^ 

[l-methyl-2-(2-hydrt)xymethyl-4-thiazoIyl)ethenyl]-l-aza-13(Z)- 

cyclohexadecene-2,6-dione. 

25 
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t-BuPh2SiO 




10 



15 



20 



A.[lS-[lR^3R*(E),7R^10S^llR^12R♦,^6S*]]-7,ll-Dihydrt>xy. 
8A104246-pentamethyl-3-[l-meihyl*2-(2-ferf- 
butyldiphen3dsfl}doxymethyl-4-thiazob^l)ethei^ 
oxabicyclo[14.1.0] heptadecane-SyS-dione. 

A solution of Compound 7E (6.8 mg, 13 mmol) in CHgClg (0.5 mL) was 
treated with triethylamine (2.7 mL, 20 mmol), A-N^N- 
dimethylaminopyridine (0.2 mg, 1.3 mmol) and *e/t-butyldiphenylsilyl 
chloride (3.7 mL, 14 mmol) at 0 **C imder Ar. The reaction mixture was 
gradually warmed to 25 °C (1 h), cooled to 0 **C, quenched by the addition 
of saturated aqueous NaHCOg (1 mL), and extracted with EtOAc (4x2 
mL). The combined organic extracts were washed with brine (5 mL), 
dried (Na2S04) and concentrated in vacuo. The residue was purified by 
flash chromatography (SiOg, 1.0 x 5 cm, 2-5 % MeOH-CHClg gradient 
elution) to afford Compound A (7.0 mg, 71 %) as a colorless oil. MS 
(ESD: 761.5 (M+H)^ MS (ESI'): 759.7 (M-H)'. 



B. [4S.[4R*,7S*,8R*^R*,15R*(E)]]-4,8-I>ihydroxy-5A7,9,13- 
pentamethyl46-[l-methyl-2-(2-hydroxymetIqrl*4-tliiazolyl)et^ 
13(Z)-cyclohexadece3ie-2y6-dione. 

A solution of tungsten(IV) chloride (0.10 g, 0.25 mmol) in anhydrous 
THF at -78 **C was treated with n-BuIi (1.6 M in hexanes, 0.32 mL, 0.60 
mmol) under Ar. The reaction mixture was warmed to 25 **C over 40 
vnm and then recooled to 0 **C. An aliquot of the resulting deep-green. 
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homogeneous solution (0.2 mL, 20 mmol) was added to a 1 dram vial 
charged with compound A (7.0 mg, 9.2 mmol) at 0 **C under Ar. The 
reaction mixture was warmed to 25 °C, stirred for 30 min, quenched by 
the addition of satxu-ated aqueous NaHCOg (0,5 mL) and extracted with 

5 EtOAc (4x1 mL). The combined organic extracts were dried (NagSO^) 
and concentrated in vacuo. The residue was purified by preparative TLC 
(SiOg, 20 x 20 X 0.025 cm, eluting with 5 % MeOH-CHClg) to afford an 
inseparable mixture of the silyl-protected (13Z) isomer of Compound B 
along with a small amount (<10%) of the minor (13E) isomer, which was 

10 immediately deprotected in the next step. 

The silyl-protected isomeric mixture of compound B (2.3 mg, 3.1 
mmol) was treated with 0.3 mL of a buffered solution of HF-pyridine in 
THF (2:1:0.5 THF/pyridine/HF-pyridine solution firom Aldrich Chemical 
Co.) at 25 **C. After 1 h, the reaction mixtxire was neutralized with 

15 saturated aqueous NaHCOg (0.5 mL) and extracted with EtOAc (4x1 
mL). The combined organic extracts were washed with saturated 
aqueous NaHCOg (1 mL), dried (Na^SOJ and the volatiles were removed 
in vacuo. The residue was piuified by preparative TLC (SiOg, 20 x 10 x 
0.025 cm, eluting with 5 % MeOH-CHClg) to afford title compoimd (13Z- 

20 isomer) along with an inseparable amoimt (<10 %) of the minor (13E) 
isomer (0.96 mg, 20 % for the two steps) as a thin film. MS (ESP): 507.3 
(M+H)*; MS (ESD: 505.6 (M-H)", 
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What is Claimed : 

1. A compound of the formula 




X Bi Y 



5 V 

Q is selected from the group consisting of 




10 

G is selected from the group consisting of alkyl, substituted alkyl, 
substituted or unsubstituted aryl, heterocyclo, 




15 WisOorNRis; 

XisOorH,H; 

Y is selected from the group consisting of O; H, ORig; OR17, OR17; 
NORis; H, NOR19; H, NR20R21; H, H; or CHR22;ORi7 OR17 can be a 
cyclic ketal; 

20 Zi, and Z2 are selected from the group consisting of CH2, O, NR23, 

S, or SO2, wherein only one of Zi and Z2 can be a heteroatom; 

Bi and B2 are selected from the group consisting of OR24, or 
OCOR25, or O2CNR26R27; when Bi is H and Y is OH, H they can form a 
six-member d ring ketal or acetal; 
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D is selected from the group consisting of NR28R29> NR30COR31 
or saturated heterocycle; 

Rl, R2> R3> R6> Rl3. Rl4> RI8. Rl9i ^20^ ^21. ^22* R26» 

and R27 are selected from the group H, alkyl, substituted alkyl, or aryl 
5 and when Ri and R2 are alkyl can be joined to form a cycloaltjrl; R3 and 
R4 are alkyl can be joined to form a cycloalkyl; 

R9, RlO» Rl6» Rl7' R24» R25> R3I are selected from the group 
H, alkyl, or substituted alkyl; 

R8> ^Ih R12. ^28f Rao. R32. R33. R30 are selected from the 
10 group consisting of H, alkyl, substituted alkyl, aryl, substitued aryl, 
cycloalkyl, or heterocyclo; 

Rl5> R23 and R29 are selected from the group consisting of H, 
alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, heterocyclo, 
R32C=0, R33SO2, hydroxy, 0-alkyl or 0-substituted alkyl, the 
15 phaimaceutically acceptable salts thereof and any hydrates, solvates or 
geometric, optical and stereoisomers thereof, with the proviso that 
compotinds wherein 

W and X are both O; and 

Rl, R2, R7, are H; and 
20 R3, R4, Re, are methyl; and 

Rg, is H or methyl; and 

Zi, and Z2, are CH2; and 

G is l-methyl-2-(substituted-4-thiazolyl)ethenyl; and 
Qis as defined above 
25 are excluded. 
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2. Th compound of claim 1 wherein 
Qis 




5 XisO; 

Y is O; 

Zi, and Z2, are CH2; and 
WisNRis. 

3. A compoimd selected from the group consisting of: 
10 [lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*ll-7,ll-Dihydroxy-8,8,10,12,16- 
pentamethyl-3-[l-inethyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,13,17- 
trioxabicycloil4.1.0]heptadecane-5,9-dione; 

[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
15 tetramethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4,13,17- 
trioxabicyclo[14.1.01heptadecane-5,9-dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7,9,13-pentamethyl-16- 
[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-l,10-dioxa-13- 
20 cyclohexadecene-2,6-dione; 

[4S-l4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7,9-tetramethyl-16-[l- 
methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l,10-dioxa-13-cyclohexadecene- 
2,6-dione; 

25 

[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]l-7,ll-Dihydroxy.8,8,10.12,16- 
pentamethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,14,17- 
trioxabicyclo [14.1.0] heptadecane-5,9-dione;] 

30 [lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12- 
tetramethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)ethenyU-4,14,17- 
trioxabicyclo[14.1.0]heptadecane-5,9-dione; 
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[4S44R*,7S*,8R*,9R*A5R*(E)]]-4,8-Dmydroxy.5,5J,9,13-pentamethyl-16^ 
[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l,ll-dioxa-13- 
cyclohexadecene-2,6-dione; 

5 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5J,9-tetramethyl.l6 
methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l,ll-dioxa-13-cyclohexadecene- 
2,6-dione; 

10 [lS-[lR*,3R*(E),7R*,10S*aiR*42R*A6S*]]-7ai-Dihydroxy-8,8,l^ 
pentainethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4,17- 
dioxabicyclo[14.1.0]heptadecane-9-one; 

15- [lR*,3R*(E)JR*a0S*,llR*,12R*a6S*]]-741-I)ihydroxy.8,8,10,12- 
15 tetramethyl-3-[l-methyl-2-(2-inethyl- 4-thiazolyl)ethenyl]-4,17- 

dioxabicycloI14.1.0]heptadecane-9-one; 

[lS41R*,3R*(E)JR*,10S*aiR*A2R*46S*]]-7,ll-Dihydroxy-3,8,8a0,l^ 
hexamethyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4,17- 
20 dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

[lS41R*,3R*(E),7R*40S*aiR*,12R*,16S*]].7ai-Dihydroxy-3,83A0,^ 
pentainethyl-3-[l-methyl-2-(2-methyl- 4-t]iiazolyl)ethenyl]-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

25 

[4S-[4R*,7S*,8R*,9R*a5R*(E)]]-4,8-Dmydroxy-5,5,7,9a3,16-hexamethyl- 

16- [l-inethyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l-oxa-13-cyclohexadecene- 
2,6-dione; 

30 [4S44R*,7S*,8R*,9R*a5R*(E)]1.4,8-Dihydroxy"5,5J,946-pentamet^^^ 

[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l-oxa-13-cyclohexadecene-2,6- 
dione; 

[lS-[lR*,3R*(E),7R*A0S*AlR*a2R*,16S*l]-7,ll-Dihydroxy-8,8,10,12,16- 
35 pentamethyl-3-[l-methyl-2-(2"methyl-4-thiazolyl)ethenyl]-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 
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[lS.[lR*,3R*(E),7R*a0S^lm*a2R*16S*]]-7A^Dihyd^oxy-6^^ 
pentamethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyll-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

5 

[lS-[lR*,3R*(E),7R*a0S*im*,12R*,16S*]].741-DihydTO^^^ 
pentainethyl-3-[l-methyl-2-(2-methyl- 4-thia2olyl)ethenyl]-4-aza-17- 
oxabicyclo[14.1.0]heptadecane-5,9-dione; 

10 [lS-(lR*3R*(E)JR*10S*AlR*,12R*,16S*]I-7,ll-I)ihydro^^^ 

tetrainethyl-3-[l-inethyl-2-{2-methyl- 4-thiazolyl)ethenyl]-4-aza-17- 
oxabicyclo [14. 1.0]heptadecane-5,9-dioiie; 

[4S-[4R*JS*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5,7, 9,13-pentainethyl-16- 
15 [l-inethyl-2-(2-methyl- 4-thiazolyI)ethenyl]-l-aza-13-cyclohexadecene-2,6- 
dione; 

[4S-[4R*JS*,8R*,9R*,15R*(E)]]-i,8-Dihydroxy-5,5J,9-tetrameth^^ 
methyl-2-(2-methyl- 4-thiazolyl)ethenyll-l-aza-13-cyclohexadecene-2,6- 
20 dione; 

[lS41R*,3R*(E),7R*,10S*AlR*,12R*a6S*l]-7ai-Dihydroxy-4,8,8aoa2,^ 
hexamethyl-3-[l-inethyl-2-(2-inethyl- 4-thiazolyl)ethenyl]-4-aza-17- 
oxabicyclo[14.1.0]heptadecane-5,9-dione;] 

25 

[lS-[lR*,3R*(E),7R*a0S*aiR*,12R*46S*]]-7,ll-Dihydroxy-4,8,8,10,12- 
pentainethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-4-aza-17- 
oxabicyclo[14.1.0]heptadecane-5,9-dione; 

30 [4S44R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dmydroxy-l,5,5J,9,13.hexamethyl. 
16-Il-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-l-aza-13-cyclohexadecene- 
2,6-dione; 

[4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-l,5,5,7, 9-pentamethyM6- 
35 [l-inethyl-2-(2-methyl- 4-thiazolyl)ethenyl] -l-aza-13-cyclohexadecene-2,6- 
dion ; 
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[lS-[lR*,3R*(E),7R*A0S*,llR*,12R*a6S*]].7Al-Pihydroxy-8,8,10,l^ 
pentamethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-13-aza-4,17- 
dioxabicyclo [14. 1 .0]heptadecane-5 ,9-dione; 

5 

[lS41R*,3Rm7R*,10S*aiR*42R*46S*]]-7Al-Dihydroxy-8,8,^ 
tetrainethyl-3-il-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-13-aza-4,17- 
dioxabicyclo[14.1.0]heptadecane-5,9-dione; 

10 [4S-[4R*JS*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5J,9,13-penlMn 
[l-inethyl-2-(2-methyl- 4-thiazolyl)ethenyl]-10-aza-l"Oxa-13- 
cyclohexadeceiie-2,6-dione; 

[4S-[4R*JS*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5J,9.tetrame 
15 methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-10-aza-l-oxa-13- 
cyclohexadeceiie-2,6-dione; 

[lS.[lR*,3R*(E)JR*a0S*aiR*,12R*a6S*]l-741-Dihydroxy-8,8a0,12,16- 
pentamethyl-3-ll-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-14-aza-4,17- 
20 dioxabicyclo[14.1.01heptadecane-5,9-dione; 

[lS-[lR*,3RnE)JR*,10S*41R*A2R*,16S*]]-7ai-Dihydroxy-8,8,10,l^^ 
tetramethyl-3-[l-methyl-2-(2-methyl- 4-thiazolyl)ethenyl]-14-aza-4,17- 
dioxabicyclo [14.1.0] heptadecane-5 , 9-dione ; 

25 

[4S-[4R*JS*,8R*,9R*a5R*(E)ll-4,8-Dihydro3gr-5,5J,9a3-pentam 

[l-inethyl-2-(2-inethyl-4-thia2olyl)ethenyl]-ll-aza-l-oxa-13- 

cyclohexadecene-2,6-dione; 

30 [4S-[4R*,7S*,8R*,9R*,15R*(E)]]-4,8-Dihydroxy-5,5J,9-tetramethyl-16-[l- 
inethyl-2-(2-methyl- 4-thiazolyl)ethenyl]-ll-aza-l-oxa-13- 
cyclohexadecene-2,6-dione; 

llS.llR*,3R*,7R*,10S*,llR*,12R*,16S*]]-N-Phenyl-7,ll-dihydroxy- 
35 8,8,10,12,16-pentametJiyl-5,9-dioxo-4,17-dioxabiQrclo[14.1.0]heptadec£^ 
3-carboxainide; 
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[lS-[lR*,3R*,7R*,10S*,llR*,12R*a6S*]]-N-Phenyl-7,ll-dihydroxy- 

8,8,10,12-tetramethyl-5,9-dioxo-4,17-dioxabicyclo[14.1.0]heptadecane-3- 

carboxamide; 

5 

[4S-l4R*,7S*,8R*,9R*,15R*]]-N-Phenyl-4,8-dihydroxy-5,5,7,9 
pentainethyl-2,6-dioxo-l-oxa-13-cyclohexadecene-16-carboxainide; 

[4S44R*,7S*,8R*,9R*a5R*]]-N.Phenyl-43-dihydroxy-5,5J,9-tetrameth^^ 
10 2,6-dioxo-l-oxa-13-cyclohexadecene-16-carboxaiiiide. 

[lS-[lR*,3R*(E)JR*,10S*41R*A2R*,16S*l]-7ai-Dihydroxy-8,8^ 
pentamethyl-3-[l-inethyl-2-(2-methyl- 4-thiazolyl)cyclopropyl]-4,17- 
dioxabicyclo [14.1.0] heptadecane-5 ,9-dione . 

15 

[lS-[lR*,3R*(E)JR*,10S*aiR*,12R*a6S*]]-7ai-Dihydroxy-8,8a0,^ 

tetrametJiyl-3-[l-methyl-2-(2-methyl-4-thiazolyl)cyclopropyl]-4,17- 

dioxabicyclo[14.1.0]heptadecane-5,9-dione. 

20 I4S-I4R*,7S*,8R*,9R*45R*(E)]]-4,8-Dihydroxy-5,5J,9a3-pentamethyl-l 
[l-methyl-2-(2-hydroxymethyl-4-thiazolyl)ethenyl]-l"aza-13(Z)- 
cyclohexadecene-2,6-dioiie; 

and the phannaceutically acceptable salts, solvates and hydrates 
25 thereof. 

4. A method of treating cancer in a patient which comprises providing 
an effective amoimt of a compound of claim 1 to said patient. 

30 5, A method of treating hyperproliferative cellular disease in a patient 
which comprises providing an effective amount of a compoimd of claim 1 
to said patient. 
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6. A method of providing an antiangiogenic effect in a patient in need of 
said treatm nt which comprises providing an effective amount of a . 
compound of claim 1 to said patient. 
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